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PREFACE; 


“ Knowledge is power.” 


Accustomed a| we are to behold the marvellous appliea- 
ti^is of Science to the useful purposes of everyday life, 
how few of us tak§ the trouble to inquire how this or that 
effect is produced whicli adds so much to our comfort, our 
Enjoyment, and our wealth! * We delight in clean linen, 
but know not how soap is made; we admire the varied 
hues of our clothing and our finery, but are ignoran^ ©f 
the processes by which ^ich charming tints are obtained; 
jfk know that the prosperity, of our ‘country depends 
greatly flpoti oift success in certain "manufactures, but, 
alas, how little we know of the thought, care, and skill 
which are involved in their production, or of the means 

• m 

by which the various results are obtained! 

To givd an insight into the Scientific Industries of our 

country, iu a simple and easily understood form, is the 

* • 

object of the present work; and it has been the Author’s 

aim to instriMsJf withqut tiring his deader with elaborate 
details. A systematic arrangement of tT\$ subjects treated 
Hhs been, purposely avoided, in order that the work may be 


Mgarded a«t means of intellectual recreation rather than a 
severe study. 
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ANILINB 'OOLOURSr-PHILOSOPHY OP A 

LUMP OP GOAL. 

We all know that our streets and homes are illumined by 
gas, that this gas* if obtained from coal, and that coke and 
gas-rtar come from the gasworks; but here ends, generally 
speaking, our knowledge of the remarkable product of 
Nature called coal, if we simply include its employment 
in our fire-stoves. 

But there is a great .deal more to be said about coal 
- ° t 
after the gasworks have done with it than most peopfb 

are aware of, and this it will be our pleasing ta§k {q 

illustrate as simply as the subject will admit. 

^PVhen coal is placed in an iron*retort, and heart applied, 

after a while fts gaseous and volatile constituents become 

liberated, and coke alone remains behind. Now if we 

connect a tube to the upper part of the retort, through 

which 4hese volatile matters may pass, and allow the end 

of the.tube to dip # into a vessel of water, we shall find that 

bubbles of Jjas escape from the'.tube, while the water has 

become impregnated* with'ammonia; and affer a while a 

daVk mass appears at the bottom of the vessel. This latter 

substance is called “ coal-tar,”, with winch .we have now 

• t 

more especially to deal, since it forms $he basis of our 
present study. 

\Now if # we place a .quantity of coal-taj in a retort 
famished witff a tube, terminating in a "worm” suriounded 
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by cold water, as in distilling, and heat the retort gradually, 
we soon find that a flufd substance, having a< powerful 
odour, escapes through the worm-pipe, which we collect 
in a receiver. ;*5his liquid is “ coal-tar naphtha,” and is 
composed of many different substances, all more or less 
inflammable, the lightest and'most volatile product being 
benzole. If tke coal-tar naphtha *be now jfiaceiJ in a retort 
fitted with a receiver, and heat applied below 2W0° Fahr. 
—that is, below Itlie boiling-point of water—a light spirit 
distils over which is termed benzole. 

When fuming nitric acid is added to benzole, vidleut 
chemical action takes place, and the .resulting compound 
is called nitro-behzole. If water be now added, the nitro- 
benzole deposits at the botfom of the vessel in the form of 
a thick oily mass somewhat like the yolk of an egg. To 
c*m\fert the nitro-benzole into aniline we proceed as 
fallows: The nitro-benzole is placed in a glass or stone¬ 
ware retort, and iron filings and acetic acid added in the 
proportion of two parts Df the former‘to one part of Ike 

S v ( '■ | 

volume of the nitro-benzoie. Efferves¬ 
cence takes place, and aniline, a colourless fluid, distils 
over into the receiver. When the effervescence ceases, 
gentle heat is applied to assist the operation. ) 

Having thus obtained our aniline, wq next proceed to 
treat it with various chemical substances, when remarkable 
—indeed mnfvellous—changes Tare effected, as we shall 
presently see. (When bichloride of mercury, bichloride 
of tin. and certain other chemical salts .are mixed with 
a*niline, a compound is formed which has been termed 
rosaniline. When dry, it appears in the form of beautiful 
green crystals having a somewhat metallic fu^tre, not 
unlike £he wings of the common “May hug,” a beetle 
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frequently seen in our rose-bushes. When these green 
crystal^ #re placed in hot water, or in spirit of wine, a 
gorgeous red-coloured solution is the result. Now there is 
nothing whatever in the appearance of these gr§en crystals, 
or in the process by which they- were formed, to indicate 
the marvellous finale to thig most strange serjps of chemical 
reactions—the production of a brilliant red dye possessing 
such WQncferful intensity and beauty ! ^However charming 
is the result, we must not forget its humble origin—a 
lump of coal! • 

. »y treating aniline with certain other chemical sub¬ 
stances, magenta, nigmve, fuchsine, roseine, eosine, and many 
shade3 of blue, green, and other colours and tints are pro- 

• - QP H 

duced, all remarkable for their ueauty and vividness of hue. 

Aniline is also obtained from indigo, but its production^ 
from coal is, to our view, one of the "greatest marvels of- 
science. 

. . PIGMENTS. 

/ % L 
* Many ofctBe be$t and most durable colours are the direct 

products of Nature; but the science of chemistry lias from 
time to time*added* greatly to her bountiful store of ready¬ 
made ^pigments by mingling the contents of her vast 
laboratory in vjyious ways to produce other tints or 
shades of cblour to suit the requirements of inan. 

r Of the natural dolours, or those w^icli* are obtained 
direct from the earth, and brought into use without 
chemical aid, may be mentioned * vermilion, ultra¬ 
marine, the ochres,* Venetian and otlTfer bright reds, 
gamboge, sepia, and many other less important odours. 
But some* of these, as vermilion, ultramaripe, and bright 
red, are extensively produced artificially, that is, by chemi- 
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cal means, to supply the large and increasing demand 
which exists in all parts of the world. 

* o 

Verm ilion, or Cinnabar, is a native ore of mercury, 
or quicksilver, and it is from this ore, (sulpliuret of 
mercury) that most of the quicksilver is obtained in China 
and other countries, (it is of o. fine red colour,cand may 
be produced artificially as follows: Melt together, 10 
drachms of powdered sulphur and 4 ounces *of a quick¬ 
silver in a crucible. The heat is to be continued until 
the mass begins to swell up, when the ojucible is to be 
removed from the fire and covered closely to prevent dtlie 
mixture from taking fire. When col g d, reduce the mass 
to a powder, and* place this in a* clean covered crucible, 
and expose c to a moderate 1 'heat, when the sulphurct of 
merpury, or vermilion, will sublime and condense on the 
t interior of the vessel. 

^'Ultramarine. —This beautiful blue pigment is obtained 
fronTThS' native stone called lapis-lazuli, or azure-stone. 
The mineral is first made red-hot, and is then plunged 
into cold water. Idle brightest fragments are Hi&n selected, s 
and these are reduced to an impalpable powder by grind¬ 
ing in a mortar. The powder is then mixed'with a large 
quantity of water, and after a few moments’ repose, to 
allow the heavier particles to subside, the water, in which 
the finer particles are held’in suspension, is then poured 
into a separate vessel, when after a time the colour will 
have deposited, and may be collected and dried, when 'it* 
is ready for use. \ «■ 

Ultramarine prepared artificially, by chemical means, 
and the result is a beautiful product nearly if not abso¬ 
lutely as fine as the native colour. \ It may*be pfepared, ty 
heatingdn a crucible for many hours a mixture compokd 
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of Chirm clay (kaolin), sulphur, sulphate of. soda, and 
charcoa^ 

Cobalt blue.—This fine pale blue pigment may be 

easily formed by .adding to a solution of nitrate of cobalt— 
that is, metallic cobalt dissolved in nitric aci<£—a solution 
of ammenkt alum. The precipitate which forms must be 
we^l washed and dried; and then exposed ?o a cherry-red 
heat iij a* crucible. The mass is then to be reduced to a 
fine powder, washed, and the finer particles separated as 
described in tlm treatment of ultramarine. } 
indigo blue is'a vegetable production obtained from 
the Indigofcm tinctoria, a plant growing in India and 
America. The plant iS steeped in water until fermentation 
occurs, when the colouring matter becomes dissolved, and 
a yellow solution is. the result. This solution is first 
separated from the vegetable matter, and it is then briskly 
agitated or beaten for about two hours, so as to bring ^he 
solution in contact with the air. By this means a consider-* 
able change takes place, and a«blue colouf* (indigo) deposits 
at the bo££gm of»thef vessel. The deposit is afterwards cut 
into small cakes and dried at a moderate heat. 

When mixed with starch, and formed into a paste and 
dried, it forms the “ washing blue” of the laundry. 

Red pigments are of various hues or tints, and difier 
greatly in their chemical composition. 

Oarmine. —Tliis delicate ancLcostly pigment is obtained 
\jy chemical means from an insect called cochineal, which 
feeds upon certain species of Cactvj, and thus becomes 
impregnated with a colouring matter o£ great beauty. *At 
certain seasons the female insects are swept off 1 the plants, 
v^hen tlfey are placed in heated ovens and thus killed and 
Srijed for lfiarket. The colouring matter* of cochineal is 
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much used in dyeing and in imparting colour to sweet¬ 
meats, etc. 

t,. 

Carmine is extracted from cochineal by various processes,' 
amongst the simplest of which .is the following: Tate, say, 
1 ounce of cochineal and reduce it to a powder, place this 
in three half-pints of water in a*small enamelled saucepan, 
and boil for a quarter of an hour. .Now add 1 drachm of 
cream of tartar and again boil for ten minutes. Then add 
about 1 drachm ef powdered alum and boil for two or 
three minutes longer. Remove the saucepan from the lire, 
and after about five minutes strain the liquor through a 
piece of muslin into a clean porcelain basin, and set this 
aside until the carmine has* become*deposited. The upper 
liquor may then be poured off, and the carmine collected 
and placed on a filter t o drain. It should now be carefull y 
dr^ed over a water-batli or upon a lump of chalk. It is 
-tfeyy important that the pigment should not be overheated, 
* or its colour will be greatly deteriorated. 

Liquid carmine is obtained by dissolving the pigment 
‘ in liquid animonia^in which it is completely soluble when 
pure. 

Red ochre is a native earthy substance * containing 
peroxide of iron. . 

light red is formed by submitting yellow ochre (an 
aluminous earth impregnated with oxide rtf iron*) to a red 
heat, and then ^grinding and washing out the impalpable 
powder. < < 

Orange red is prepared by calcining white-lead. 

Red-lead, or Minium, is obtained by heating the 
yellow protoxide of lead .(massicot) in a reverberatory fur¬ 
nace, with frequent stirring, until the required oolour is 
produced. Under certain conditions of temperature tllfc 
yellow protoxide of lead acquires a fine red colour. 
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Venetian red is a Variety of ochre, or aluminous clay, 
imported from Italy. 

Indian red is another ochreous pigment. .It may he 
artificially prepare*! by calcining a mixture of peroxide of 
iron and red ochre. • 

Yellow oehre is a nativp clay impregnated with oxide 
of iron. - . • 

Gamboge yellow is a gummy exudation of certain 
plants which grow in Siam, Ceylon, and elsewhere. 

Lakes are prepared by precipitating the colouring 
matyer from decoctions of cochineal, madder, Brazil-wood, 
etc., by means of a solution of tin, alum, or alumina. 
This latter substance has a strong affinity for animal and 
vegetable colouring matter, and •when added to solutions 
containing them they readily combine arid become deposited 
together. • 

Green pigments. —Although most of the useful tii^fcs* 
of green are readily obtained by mixing yellows and'blues 
in varied proportions, there are certain green colours which 
•'cannot he procured by this means, as, fopinstanbe, emerald 
green. This beautiful but poisonous pigment is formed 
by mixing acetate pf copper and arsenious acid, and boil¬ 
ing tluim together, when a fine green colour is formed. 

Sepia.—Tliis useful dark-brown pigment is a substandfe 
secreted by the tfut tie fish. It is collected and dried, when 
it forms crude sepia 4 Bor artistic purposes^ undergoes a 
sfeill further treatment, by which it becofnes purified. 

Ohrome yellows. —Orange chrome is obtained by 
adding to u solution of nitrate or acetate of lead a hot 
solution of bichromate of potash. The addition of a little 
alkali, asj for instance, soda, deepens the colour. A rich 
oiftqge-colourtid precipitate of great density falls down, ancl 
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this, after repeated washing, is to 1 he filtered and dried at a 
moderate heat. 

Lemon chrome is made by employing the chromate, of 
potash, instead of the bichromate, as the precipitant. The 
presence af a little sulphuric acid renders the colour lighter 
in tone. % a , 

Naples yellow may be prepared by taking a mixture 
of powdered metallic antimony three parts, red-lead two 
parts, and oxide*of zinc one part. These are to be inti¬ 
mately mixed, and calcined at a red heat in a crucible. 
The calx is then to be triturated, and the mass fusel in 
a covered crucible. The fused mass is then to lie well 
ground with a pestle and mortar* and then mixed with a 
large quantity of water*, wjien the liner particles in sus¬ 
pension may be collected as previously described. 

Black pigments. —Ivory and bone, when subjected to 
-rgd heat while excluded from the air, and afterwards 
allowed to cool, form " charcoals ” of great density of colour. 
When ground to an impalpable powder they yibld very 
good blacks. Lampblack is a very.finp bla^k and more- 
easily obtained; when worked up with gum and water it 
forms an excellent substitute for Indianjnk. 


SOAP-MAKING. „ 

C . * 

It is well ltqpwn that grease or fatty t matter will not mix 
or combine with water. If, however, we boil tallow—that 
is, refined suet, or “ fat,” or other greasy matter—for some 
time in a solution of caustic soda* or potash, a chemical 
change takes place, and the compound formed, which is 
called soap, is readily miscible in water. 

Now, tallow is composed of two substances knpvin 
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respectively as stearine ' and oleine , the former being a 
crystalline substance somewhat resembling spermaceti, 
and the latter a fluid, oily matter. When, tallow is 
subjected to the action of boiling caustic alkali (soda or 
potash), the stearine becomes converted into stearic acid, 
and the oleins into oleic add* These two “ fatty acids," as 
they^are called, take up a certain amount of the soda or 
potash, foritiing Stearate of soda and oleate-of soda or potash, 
both compounds being soluble in water . JThis operation is 
termed saponification , or the conversion of fat into soap. 

Without going deeply into the manufacture of soap, 
an outline of the process will prove both interesting and 
instructive. Soap is usually made in large iron coppers 
or pans capable of holding from 5* to 30 tons of material. 
Yellow soaps are made by steam-heat, and mottled soaps 
by means of a fire situated at the bottom of the pan qr 
copper. o 

In charging a soap-copper with material, a ley matle of 
caustic soda of a certain strength is first pumped in, being 
"conveyed long iron “ shoots" frontf the alkali-tank. 
While this ley is running into the copper, the “goods,” 
that is to say, the tallow or other fatty matter, are shovelled 
in by the workmen, and steam is then turned oil. After 
a while a certain proportion of rosin is added, and thb 
boiling allowedto , continue until the materials are 
incorporated and become freely acted upon Jiy the caustic 
alkali. When the first ley becomes® exhausted, it is 
pumped out by means of a large pump reaching to the 
bottom of the copper, arid a fresh supply of stronger caustic 
ley is pumped in. This renewal of ley and removal of the 
exhausted or “spent ley" is kept up, and the boiling 
ccfotjuued udtil the soapboiler’s judgment informs him 
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that the process of saponification is complete. The process 
of boiling a batch of soap generally occupies seyeral days. 
When the soap has a tendency to boil over, the soapboiler 
stands, with shovel in hand, in front of the popper, and with 
this he brcaks the froth or “ fob ” by throwing shovelfuls 
of the soap through the air to the back of the pan, which 
not only coois the surface of the- soap in some degre^, but 
disperses the air-bubbles, thus preventing tin? spap from 
boiling over. During the boiling process coarse salt is 
thrown in by shovelfuls, which not only Jbcnds to increase 
the temperature of the boiling mass) but it also has- the 
effect of separating the ley from the soap itself. 

When the process appears near completion, the soap¬ 
boiler watches his copper* with anxious care, using his 
shovel freely, by dipping it into the boiling mass, to 
(^etewnine the proper moment to shut off the steam. Small 
J samples are taken occasionally and set aside to cool, when 
they‘are examined to ascertain their texture. If suffi¬ 
ciently hard and firm, th§ t steam is they, shut off, and the 
soap allowed to rfcpose until the following dfv, when it is* 
ready for “ cleansing ”—that is, pumping out the spent ley, 
and transferring the soap to the frames or moulds in which 
it is to he cast into blocks. 

• When all the ley is duuvn off, a dark semifluid substance 
called “niggers” makes its appearance *in the “shoot” 
which conveyg the spent ley, and the jumping is then dis¬ 
continued. It is usual nowadays to remove yellow soaps 
from the copper by means of a steam-pump, whereas 
fdrmerly large ladles were used for'thjs purpose. 

A series of iron frames, each capable of holding about 
11 cwt. of soap, are ranged in rows at a convenient dis¬ 
tance apart, fend to these the soap is next transferred. 
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The soap is first pumped ’into a round iron pan fixed to 

iron framework running upon four wheels. This‘pan is 

•furnished with a gate or opening at its base, into which is 

fitted a movable slide or shutter. When full, the pan is 

wheeled to frame No. 1, the shutter is raised, and4he soap 

runs freelyJinti the frame. This operation is continued 

until all the frames are filled. • 

In^fc .t'*° to* three days the soap will iiave become 

“set,” though not quite cold, and it is then ready for 

“ cutting.” This operation is conducted as follows: The 

sides and ends of.the frame are disconnected hv removing 

the screws which bound them together. The soap then 

stands in the form of a huge block resting, upon the iron 

base of the frame. This is now^icwtped all over lightly to 

remove traces of lime-white with which the interior of the 

* 

frames are painted to prevent the soap from adhering to # 
them. A gauge is next taken, and the soap marked or* 
notched at its four vertical edges into equidistant divi¬ 
sions of about 2 J inches each. # ,Two men now take a 
r long steel wirt, looped «at each end, through which short 
wooden pegs are placed as handles. One man stands at 
one end of tho block and places the wire in the first or 
upper notches, and the other then draws the wire through 
the soap horizontally, which separates the first or top * 
layer. This.is renfoved and cast aside, to he remelted in 
future hatches. The |ioap is then cut into sl^hs until the 
last? layer is reached. The slabs are nest taken one by 
one and placed on a cutting-machine to he cross-cut into 
bars. The lloor of tlys machine is grooved at every 2J* 
inches, tq admit the wire to pass clear of the bottom 
slal3. The«soap is now marked by a gauge—which con¬ 
sist# qf a lath of wood with iron points (Jr pegs pro- 
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jecting at equal distances of 2& 'inches—from the top to 

the bottom on each side. The wire is now placed across 

the first notches and steadily drawn downward, the operas 

tion being continued until all the slabs are cross-cut. The 

« * 

soap is mow in bars of 15 inches, and these are removed, 
a few at a time, and packed crosswise anti apart, like 
newly-made bricks, to enable the soap to become dry on 
the surface, which not only improves its appearance, but 
makes it more .convenient to handle. 

Primrose soap of the best quality is made of the best 
London tallow and the finest pale American rosin. JWhen 
conscientiously made—that is, without adulteration—it 
is undoubtedly .the most elegant of ’our yellow soaps, and 
is in all respects the ‘best- soap for toilet purposes. The 
darker yellow soaps owe their colour chiefly to the rosin 
t employed in their manufacture, but this in no way im- 
c pairs the usefulness of the article as a detergent or cleans- 

* iu^ medium. 

Adulterated or “ cheapened ” soaps, at the present day 
form thl chief study of the soapuiaker. Jlow to make 
soap with the least possible amount of fatty material and 
the largest possible proportion of wgter, and yet produce 
a hard soap, is the life-study of some soapmakers, and 
1 we may say that they have nearly succeeded in making 
soap out of nothing but water—and glass, we should have 
added, but fhis requires explanation. Silicate of soda, or 
soluble glass, is dargely used by the soapmaker in form¬ 
ing what are called “liquored soaps.” It is a thick 

• viscous substance readily soluble „ in hot water. When 
diluted down to about 100° by Twaddle’s hydrometer, a 
very large proportion of the solution may bo added to 
melted soapf The silicate solution is introduced i^to the 
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soap by a process termed “ crutehing,” which thoroughly 
incorporate* it with the soap. Hand-crutches are some¬ 
times employed, but steam-power is generally applied to 
this purpose. Sulphate of soda (Glauber’s salt), melted 
soda crystals, and many other substances, are introduced 
into the so-called cheap soaps.* 

Mottled soap is made from kitchen-stuff', which is 
previously incited’ and clarified by “ stuff-melters ” before 
being sold to the soapmaker. Unlike yelknv soap, which 
forms a close, homogeneous mass when finished, mottled 
soap *is boiled to a •“ curd,” as. it is termed, and has 
a separated or curdled appearance when made. The 
“strike” or mottled appearance is sometimes produced 
by adding strong ley of crifde s«da*to the nearly finished 
soap, and the soapboiler prides himself much upon the 
perfection of the marbled grain of his manufacture. * ¥ 

Blue mottled soap is made chieliy with cocoa-nut and# 
palm oils, with the addition of silicate of soda. The mottled J 
effect is produced by introducing a thimiTsh mixture of 
ultramarine bfue ami \fater into the coppdf* while the soap 
is boiling gently. If the soap has been properly made the 
colouring matter arranges itself in pretty streaks or spots 
in parts'of the soap during the process of cooling; but when 
the soap is wanting in body, or too heavily “ liquored,” the* 
colour will ‘spread through the‘entire mass. In this case 
the soap is unsaleable, arid requires to be re melted. 

Soft soap is made from fish oils with caustic potash 
instead of soda. 

A 

Toilet or scented ‘soaps are generally made from 
remelted yellow soaps to which a little “ marine ”—that is, 
cocoa-nut* oil soap—is sometimes added to increase its 
Inhering properties. Various perfumes irf the £orm of 
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essential oils are used, and frequently colouring matters 
are introduced. It is-also a common practice to add a 
little pearl-ash to the remelted soap, but since this is apt 
to affect the skin, causing a disagreeable 7 smarting ” sensa¬ 
tion after using it, the introduction of this powerful alkali 
should be abandoned. ■ c * 

Transparent soap is made by dissolving good dry 
curd or almond soap in spirit of wine m a closed vessel, 
very gentle heat being applied. After a while the clear 
portion is to be poured into shallow moulds; these are to 
be set aside for several weeks until Vhe resulting cakes are 


Jinn, though transparent. This soap ( is sometimes formed 
into balls. Any desired colour* may be imparted to the 
soap when dissolved in' wiospirlt, aniline colours being very 
suitable for the purpose from their great solubility in spirit 


t of wine. 

m Of the numerous medicated and other "fancy” soaps 
* it is? scarcely necessary to refer, singe many of them are 
merely useless*nostrums* 


CANDLE-MAKING. . 

There are many processes for making candles’ of the 
Various kinds required for public use: these are either 
moulded or dipped. 1 - * 

Mould Candles ai£ cast in" pewter moulds, highly 
polished iuside, ^arranged perpendicularly in a wooden 
frame, in an inverted position—that is, the tops of the 
moulds downward. The upper part of the frame has a 
shallow* trough to hold the melted material of which the 
caudles are made. The wicks are passed through a small 
hole at Jbhe apex of the mould and an iron or brass* wire 
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supports the opposite ends of the wicks, which are furnished 
with loop| for that purpose. When the wicks have been 
properly 'adjusted, melted stearine or other material is 
poured into the trough until .the moulds become perfectly 
filled. The frames are geneially placed in ro#s, and a 
great number* are filled in one operation. When quite 


cold the superfluous material is removed front the trough, 
the wires drawn* out, and the candles withdrawn, one by 
one, by means of a hooked bodkin which* is inserted into 


the loop at the bottom of each wick. 

Stearine candle® are made from the hard crystalline 


substance contained in tallow and certain vegetable 

« ™ 

matters, as palm oif and cocoa-nut oil. • The stearine is 


first converted into the “ fatty acid*” called stearic acid , to 
accomplish which there .are many processes from which we 
select the following: The fatty material, tallow, is 'first 
melted at a high temperature, and is then treated with fiv# 
or six per cent, of strong sulphuric acid (oil of vitriol). * The* 
mass is afterwards distilled by, the aid *of superheated 
srtcam. The-hard Jatty acid, stearic a c ut, thus 'formed is 
then separated from the softer or oily acid, oleic acid, by 
pressure. When the latter acid ceases to flow, the stearic 
acid is removed from the press, and appears in the form of 
a hard brittle substance. After being again melted by 
steam-heat^it is rhady.for candle-making. 

Or tallow is boiled in a wooden vat byJiigh-pressure 
steam. Slaked lime (hydrate of lime) i5> then added, and 
the boiling continued for several hours. This forms what 
is called a “lime soap,”*or stearate of I'qnc. This is now 
transferred to another wooden vat, and dilute sulphuric 


acid addud, the boiling being continued for some time. 
Th6 .sulphurifl acid attacks the lime, concerting; it into 
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sulphate of lime, leaving the fatty acids free. The mass is 
now allowed to rest, wtan the sulphate of lin\e subsides 
and the fatty matter rises to the surface. When cool, this 
is cut into small strips, which are placed in canvas bags 
and submitted to considerable pressure, which separates 
the stearic from the oleic or softer acid. The stearic acid, 
after repeated melting and pressing, loses a further portion 
of oleic acid ; it is then melted ©nee more', and'poured into 
vessels to cool.* When cold it is exceedingly hard, and 
has a fine crystalline appearance; it is-used for the best 
quality of candles. The oleic acid is®chidly used for soap- 
. making. 

Composite oandles, as they ‘are called, are composed 
of the fatty acids obtained <fron‘i palm and cocoa-nut oils. 
The process of manufacture is largely carried on at Price’s 
Qandle Manufactory. The fatty acids are obtained with- 
cut chemical treatment, the oils being merely submitted 
'to the action of superheated sieain, which converts their 
constituents intro the fatty, acids and ylyccrinc. The latter 
substance* when‘once separated, has* no affinity for its old 
associates. The glycerine is afterwards rectified by re¬ 
distillation, and the fatty acids are converted‘into candles. 

Paraffine candles arc made from the remarkable 
translucent substance from which their name is derived. 
Paraffine is obtained fron* coal-tai, peat, wood-tar, and 
Rangoon or petroleum-tg-r. As a material for candles this 
substance surpasses in beauty even the elegant spermaceti. 
In illuminating power it is greatly superior to any other 
material employed in candle-makifig.» 

Wax candles are neither moulded nor dipped, but are 
fashioned , so to speak, by hand. The wicks being sus¬ 
pended ,by a fing, placed over a vessel fille?! with melted 
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wax, a ladle is dipped into this material and the wax 
poured qver each wick in succession. By repeatedly 
pouring the melted wax over each preceding layer the 
required thickness is obtained. The candles # are then 
removed one by one, and rolled on a hard and highly- 
polished vflooc&n slab. A Hat, polished piece^of hardwood 
being held in botli hands, is placed on the candle, and 
with moderate pressure it is rolled to and fro until smooth 
and bright. * 

Dip candles ffre made from tallow, which is first melted 
and then allowed to cool down to the required temperature, 
when it is transferred to a vessel called the “cistern.” 
A long balance-shaped beam is suspended’from the ceiling 
of the dipping-room, to one end of which a wooden frame 
is attached for holding the “ broaches,” with the wicks 
arranged at the proper distances. The opposite end of tin? 
beam is furnished with a weight to counterbalance the. 
frame, and to enable the workman to manipulate the dip¬ 
ping process with 'ease and de^ferity. J'lie evd of the 
Beam which ^TipporTs the frame is placed immediately over 
the dipping-cistern. 

The process of dipping consists in pressing the frame 
gently efnd steadily downward, by which the wicks become, 
immersed in the melted tallow and receive their first layer 
or coating. • The worktnan then .allows the frame to rise a 
little, and by a skilfiA movement he brings tlfe ends of the 
wicks in contact witli a sloping board which is attached to 
the front of the cistern. This movement relieves the ends 
of the wick of any sifperfluity of tallow tvhich attaches to 
them. The broach is then carefully removed and placed 
on rack, *and another one is treated as before. When all 

thg prepared wicks have received a firet coating, the pro- 

b 
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cess is repeated through the whole series until candles of 
the required thickness ale formed. * . 

When cold, the candles are removed from the wooden 
rods which support them,‘and are then weighed' into 
pounds. If they are “ sixes,” for instance—that is, six to 
the pound—^the proper number is placed in £he shale, when, 
if above the proper weight, a lighter or thinner candle is 
placed in the scale and a stouter one removed. Those who 
.are accustomed *to “pounding” candles, as the weighing is 
called, can tell to a nicety what sized candle to substitute 
in order to secure the leVel weight with rapidity. A short 
length of fine twine is next passed through the loops of 
the wicks, which is then tied, and the candles are ready 

■' i'll ' 

for sale. In former days 1, candles used to be “ stored ” 
for several months before being sold to the public. 
f Kight-lights are generally made from cocoa-nut 
'stearine, and are furnished witli a very fine wick which 
enables them to burn for rhany hours. These are a 
substitute for the fam oils' old “ rushlight ” of other days 
—a luminary once held in high esteem. 

MANUFACTURE OF FIREWORKS. 

( 

The art of pyrotenhm/, as it is called, consists in com¬ 
bining sulpliur, charcoal/and nitre in certain proportions, 
to which is £dde^ othdr substances $hich produce varied 
colours or brilliant starlike effects when discharged in the 
air. Steel, iron, copper, and zinc tilings, resin, lycopodium, 
camphor, sulphifret of antimony, lampblack, and other 
materials are employed in various proportions, and the 
compositions ?re placed in cases or tubes lna^le of cartridge- 
paper, Which are arranged after certain designs, many - of 
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them being exceedingly ingenious and sometimes t>f a very 
complicated character. 

Rockets. —The cases are made by rolling stout car¬ 
tridge-paper on*a mould or stick, which is then pasted, and 
each case or tube is afterwards tied or " throttled ” a little 
below its*moftth. The case's are now to b§ filled with 
eithfar of the following mixtures, a little at a time, and 
rammed*tight. Sky-rochets, or those which are intended to 
rise in the air are “ garnished,” as it is termed, that is, 
various stars (which see) and a little gunpowder are in¬ 
serted in the head of t"he case; before this is done, however, 
a piece of clay is driven in, through which a hole is after¬ 
wards made, and the stars are then introduced. 

The late Mr. James Marsh of Woolwich, who devoted 
much attention to the manufacture of rockets for. the 
Government, furnished the author, many years ago, witl^ 
an important series of articles upon this interesting • 
subject* from which some’of the following formulae are 
derived. 

* The ingredients given below are to be separately reduced 
to powder and sifted through lawn, after which they 
should be kept in \\ f ell-corked wide-mouthed bottles until 
required for use. The chlorate of potash, more especially,* 
must be separately, treated, and very cautiously handled, in 
order to proVent the possibility ®f explosion from friction 
whilst it is in contact with con!busti^e matter. The 
requisite quantity of each of the ingredients is first weighed 
out and placed on separate sheets of white paper, after- 
which the materials arS to be thoroughly but. carefully mixed 
together, with a light hand, by means of a bone or wooden 
spatula, the ^composition is next lightly .packed into 
• * Published in the Chemist, vol. vL 1847. * 
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small cups or pans for illuminations, or into small pill-boxes 
for stars and trains, a little priming and quick-match, being 
lastly attached to each. To ensure success the several 
ingredients must be dry and commercially pure; and 
though reduced to the state of a uniform powder, care 
must be tajsen that they are not too finely pulverized. 
The nitrate of strontia, alum, saltpetre, carbonate oft-soda , 
etc., before being weighed require to be gently dried on an 
iron pan until they fall to powder and lose tlieir natural 
moisture, or water of crystallization, as it is called. To 
ensure the perfect admixture of the ingredients, after they 
have been stirred together on paper as before directed, 
they should be passed through a hair sieve. Since coloured 
fires frequently deteriorate by keeping, and even sometimes 
iniiame spontaneously, to prevent disappointment and acci¬ 
dent they should not he prepared too long before they are 
.required for use, and must be stored in .some place in 
which their spontaneous combustion would produce no 
harm. 

Composition for 2-ounce rockets: Nitre, 54J parts; 
sulphur, 18 parts; charcoal, 27J parts. All the materials 
must be in a fine powder, carefully mixed, and sifted 
•.through lawn. 

Four-ounce rockets: Nitre, G4 parts; .sulphur, 16 parts; 

j ^ 

charcoal, 20 parts. * 

Half-lb. to 1 1-lty. rockets: Nitre, G2J parts; sulphur, 15J 
parts; charcoal, 21J parts. 

Rockets | inch in diameter: ^Titre, 16 parts; charcoal, 
7 parts; sulphur)* 4 parts. 

One-and-a-half-inch rockets: One part more nitre. t 

Brilliant fires : One part less charcoal ancl add 4, 
or 5 pfrrts of flue steel filings. 1 *, 
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Chinese fire.— Coarse cast-iron filings or borings instead 
of steel filkigs, and leave out two parts of charcoal. 

Ground-rockets and hand-rockets are charged with fine 
mcal-jMwder and, zinc or iron filings or borings. 

Jets of fire. —For rockets not more than J of an inch 
in diameter: Gunpowder, 1C; Charcoal, 3; larger gunpowder, 
1C ; f^eel filings, 4. 

Brilliant? revolving wheel, tube less than f inch: Gun¬ 
powder, 16; steel filings, 3; larger gunpowder, 1C; filings, 4. 

Chinese or JSismine fire, less than £ inch: Gun¬ 
powder, 1G; nitre, 8; charcoal (fine), 3; sulphur, 3; 
pounded cast-iron borings (small), 10; larger gunpowder, 
10; nitre, 12; charcoal, #; sulphur, 3; eo&rse borings, 12. 

Fixed brilliant, f inch*: Gunpowder, 16; steel filings, 
4: or gunpowder, 16 ; and finely powdered borings, 6. 

Fixed suns are made circularly of a certain number of* 
jets of fire, like the spokes of a wheel. All the fusees take 
fire at once through channels charged with quick-marches. 
Glories are large subs with sevenii rows of fusees. Fans 
are portions <fC a sub, bhing sectors of a circle. 

Patte d’oie is a fan with only three jets. 

Palm-trees: Ctystallized verdigris, 4; sulphate of 
copper, *2; sal-ammoniac, 1; ground and moistened with 

alcohol. An artificial tree is erected, coarse cotton rovings 

• . ° 
about 2 inches in diameter, iirfgregnated with the com¬ 
position, are festooned round the. trunk, branches, and 
among the leaves, and kindled before the*spirits have had 
time to evaporate. 

Cascades.— Chinese fire is best for such decorations. 

Fixed stars : Nitre, 12; sulphur, 6 ; gunpowder-meal, 
12 ; f antim5ny, 1. Coloured: Sulphur, 6; guppowder, 16; 
antjmony, 2. • 
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Langes, whife: Nitre, 16; sulphur, 8; gunpowder, 4 
or 3. Bluish-white: Nitre, 16; sulphur, 8; antimony, 4. 

Blue lance: Nitre, 16; antimony, 8. Yellow: Nitre, 
16; gunpowder, 16; sulphur, 8; arabey, 8. Greenish: 
Nitre, lfe; sulphur, 6; antimony, 6; verdigris, 6. Pink: 
Nitre, 16; gunpowder, 3; lampblack, 1. Less vivid ones 
are made with nitre, 1C; colophony (resin), 3; amber, 3; 
lycopodium, 3. • 

Bengal flarfies consist of nitre, 7; sulphur, 2; anti¬ 
mony, 1. The mixture is pressed into earthen porringers 
with bits of quick-match* strewed ovfcr the surface. 

Stars for sky-rockets are small, round, or cubic 
solids, made with one of the following compositions and 
soaked in spirits. 

White stars : Nitre, 16; sulphur, 8; gunpowder, 3: 

or nitre, 16 ; sulphur, 7; gunpowder, 4. 

' StaTB for golden showers : Nitre, 16; sulphur, 10; 

charcoal, 4; gunpowder, 16; lampblack, 2. 

Stars, for Roman candles.— When less than finch, 

< # \ * 

consist of nitTe, 16 ; sulphur, 7 ; guhpchvder, 5, 

Roman candles : Nitre, 16 ; charcoal, 6 ; sulphur, 3. 
Water fireworks are prepared like the'rest, but they 
must be floated by hollow cartridges fitted to them. 

Red fire is composed of nitrate of strontia, 40; flowers 
of sulphur, 13; chlorate .cff potash* 5; sulphuret of anti¬ 
mony, 4. • 

White fire : 1 Nitre, 48; sulphur, 13J; sulphuret of 
antimony, 7J. 

Blue fire: Powder, 4; nitre, 2; sulphur and zinc, 
each, 3. 

Green fire : Nitrate of baryta, 77; chlorate of potp 4 ssa, 
8; fine, charcoal, 3; sulphur, 13. 
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Light blue : Sulphur* 16; calcined ajum, 23; chlorate 
of potassa^ 61. ^ * * 

Dark blue : Calcined alum and carbonate of copper, 
of each, 12 ; sulphur, 16 ; chlorate of potassa, CO. 

Purple fire! Lampblack, realgar, and nitre, each, 1; 
sulphur, chlorate of potassa, 5; fused nitrate of stron- 
tia, 16. • 

Viblet fire : Charcoal, 8; sulphur, 20; black antimony, 
10; meal-powder, 6; powdered camphor, 

Yellow fire : ^sulphur, 16; dried carbonate of soda, 23; 
chlorate of potassa, 6J. 

Lilac fire: Black oxide of copper, 6; dry chalk, 20; 
sulphur, 25; chlorate of .potassa, 40. 

Orange red: Sulphur, 14;, chalk, 34; chlorate of 
potassa, 52. s 

Pink fire : Charcoal, 1 ; chalk and sulphur, of ^ach, 
20 ; chlorate of potassa, 27 ; nitre, 32. * 

Yellow fire; Charcoal, 6; sulphur, 19 \ ; for pans. 
Crimson fire : t Chlorate of potassa,. 4 h ; charcoal 
(alder or wallow),sulphur, 22 \ ; nitrate of strontia, 
671; for pots. 

Roman candles are made by first putting a layer of 
gunpowder into the tube or case, and above this is placed 
a star (made of nitre, 16 parts; sulphur, 7 parts; gui>- 
powder, 5 ^ made* into small cylindrical masses with spirit 
of wine and gum-water); another layer of gunpowder is 
tlien inserted, then a star, and so ou. # wlien the gun¬ 
powder is ignited, it projects the stars one by one into the 
air" where they burn with great brilliancy. The addition 
of nitrate of strontia to the composftion produces red 
stars; vejdigris, yrcen ; zinc dust or filings, white. 
QouquotSf or the fine display of many*-coloured stars 
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which generally terminates a pylotechnic entertainment, 
afre forirfed hy arranging^ series of cases, open^at the top, 
each containing a large number of sky-rockets, communi¬ 
cating with each other hy ine t ans of strings of quick-match. 
The easeo are also connected by conduits] by which they 
all take fire simultaneously * whereby a vpry grand and 
pleasing display is obtained. 

Serpents are small fusees made with one or two 
playing cards, t^e bore being about half an inch. These 
are filled with a composition consisting of nitre, 10; 
charcoal in coarse powder, 2; gunpowder, 4; sulphur, 4; 
and fine steel filings, 6 parts. 

Quick-matcl?. is made by working meal-powder up into 
ft thin paste; into this certain lengths of cotton wick are 
soaked. When saturated, these are hung upon a frame to 
dry.. The cotton, thus piepared, is drawn into paper tubes, 
and is tiien ready for use, or may he kept in a box until 
•required. 

Gun-cotton, or pyroxylin, is a very interesting 
explosive * substance discovered by L Shonbeiu. It is 
prepared by subjecting carded cotton, or “ cotton wool,” to 
the action of nitric and sulphuric aci<|s in a*, high state of 
concentration, and subsequently well washing and drying 
with great care. Gun-cotton may he prepared on a small 
scale as follows: Take foujr ounces, by measure, of strong 
nitric acid, and an equal quantity of strong sulphuric acid, 
and mix them in-a porcelain basin and set aside to cool 
Now take some carded cotton, and drop this, a little at a 
time, into the mixture, pressing >;t down into the liquid 
with a glass stirrer. Only a small quantity of cotton 
should be introduced into the mixed acids each time in 
order that it may at once become thoroughly in contact 
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with the acid. The stilling should be continued for about 
four or fi^e minutes after the co.tton has been placed in 
the mixture. The acid is next to be poured off into 
another vessel, and the cotton pressed against the sides 
of the vessel by*means of the glass stirrer, to fre& it as far 
as possibly fr^m the acid. Or the cotton may be placed 
between two plates of stout glass and squeezed firmly. It 
is then to be thrown into a large quantify of clean soft 
water and freely stirred again to wash away as much of the 
acid as possible. # It must then he washed in a running 
stream of water until* the water exhibits no trace of acid, 
which may be readily ascertained by dipping a piege of 
blue litmus-paper id the water towards, the end of the 
washing operation. If the litjpns'paper (or “ test-paper,” 
as it is called) does not^ turn red after half *a minute’s 
immersion, the washing is complete, and the gun-cottor^ 
may he strained on a piece of muslin, in which it may bty 
carefully squeezed to expel the w r ater. It is now to be 
gently spread out, and dried Q4 a plate* over a vessel 
containing h#t, but»no4 boiling, water. * # 

Gun-cotton is exceedingly inflammable and explosive. 
The slightest. lTictipn of the fingers has sometimes been 
known to explode it. When ignited, it rapidly consumes 
without leaving a trace of residue. 

Gun-paper, a# it has been called, is made by dipping 
pieces of good whiter blotting-paper into they mixed acids, 
and treating them afterwards in the sffine w r ay as gun¬ 
cotton. Fragments of the so-called gun-paper have fre¬ 
quently been sold uiylei* the name of “ parlour lightning.” 
If washed in a dilute solution of nitrate of strontia and 
dried, a *ose-eoloured flash is obtained on igniting the 

f. s ° ° 

papei; Or if*a dilute solution of chloride* of copper is 
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employed, the resulting paper will bum with a pale green 
flame. ’ „ c 

Gun-cotton, when prepared by a somewhat slower pro¬ 
cess than that given above, becomes soluble in ether and 
alcohol, and is known under the name of collodion; these 
substances being allowed to evaporate, a gqlatipous film is 
obtained, which is sometimes used in eur hospitals for 
dressing wounds. When mingled with a small quantity of 
iodide or bromide of potassium, collodion, or soluble pyroxy¬ 
lin, is largely employed in photography^ The application 
of collodion to photographic purposes was first introduced 
by the late Frederic Scott Archer, who in a communication 
to the Chemist in March 1850 made‘known a process for 
producing photographic-pictures on glass which had the 
effect of spreading the art over the entire civilized world 
with wondrous rapidity, and we now know how deeply 
# we are indebted to that industrious and gifted man for 
' popularizing one of the most interesting and important 
arts perfected in the present century. - 

Atone time'•it was believed, arid indeed Ahe opinion is 
still held by many, that gun-cotton would become a sub¬ 
stitute for gunpowder, but although this lias not yet 
been realized, it is not improbable that some - day it 
‘Will be found occupying a prominent place in gun- 
cartridges. 

< • 

MAlftjFACTURE OF SODA. 

The conversion of sea-salt into sulphate of soda, and this 
latter product into soda-ash and soda crystals (“ washing 
soda”), forms one of the most extensive and valuable 
industries pursued in the United Kingdom. « The operation 
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is carried on upon a scale of great magnitude in Glasgow, 
Newcastle* and St. Helen’s, near Liverpool. 

Soda was formerly obtained by burning certain kinds 
of seaweed, aud # then dissolving or washing out the car¬ 
bonate of soda contained in the ashes. From tUia source 
large quantities of crude soda, under the name of barilla , 
kelp, etc., formerly came into the market frcftn Spain, the 
Highlands t)f Scotland, and elsewhere, (yjd soapmakers, 
glassmakers, and others were dependent upon this source 
until the manufacture of soda from sea-salt was introduced. 

The manufacture of soda by chemical means consists in 
treating sea-salt with oil of vitriol diluted with about 25 
per cent, of water, ancl submitting the mixture to a moderate 
heat in a furnace. As sotfn as trhfi sulphuric acid comes 
in contact with the salt, fumes of hydrochloric acid are 
given off, which are condensed in a chimney or Hue fillej 
with coke, through which a stream of w.iter passes, wliiclu 
absorbs the gaseous fumes. *The acid liquid thus obtained is 
the mvviatic or hydrochloric acid, of commerce. Formerly, 
ftianufacturefs of soda* did not care to con&ense the hydro¬ 
chloric acid fumes, but allowed them to pass into the air. 
The disastrous cheats of the fumes upon the surrounding 
vegetation was so great that an Act of Parliament was 
passed to compel manufacturers to condense the acid. 
One manufacturer beasted that he would 'willingly pay 
£20,000 a year to lie allowed to continue the nuisance— 
thnt is, to let the gas escape into the ai# rather than con¬ 
dense the fumes. 

When the acid fum(& cease to be given off, the mass 
remaining in the furnace is sulphate of soda ; this is mixed 
wijli an equal weight of chalk, and about half its weight of 
fmely-powderfcd coal. This mixture is then subjected to 
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the heat qf a reverberatory furnace until the sulphate of 
soda is thoroughly decomposed. During the ^process of 
calcination the mass is frequently stirred with an iron rod. • 
The fused mass which results is then removed from the 

i 

furnace tfnd placed in iron troughs to cool, when it assumes 
a dark grey colour; this crude product confine about 23 
per cent, of pure soda. It is then treated with warm water 
to wash out the soluble matter, and the cle&r Jiquor is 
evaporated to dt'yness, after which it is mixed with char¬ 
coal or coke-dust, and again heated in a' furnace until all 
the sulphur is driven off.. The resulting product is called 
“ soda-ash," and is largely used in the manufacture of soap. 
It contains about 50 per cent, of'pure soda. Dissolved in 
water, and afterwards’ evaporated and crystallized, this 
forms the ordinary “ washing soda ” of commerce. 

< When crystals of soda are reduced to a powder, and 
exposed to the air for a short time in a warm place, the 
salt loses its transparency, becomes while and powdery, 
when it forms ordinary carbonate of soda. 

Bicarbonate of soda is made by triturating soda 
crystals and dried carbonate of soda together; these are 
placed in a chamber and carbonic acid forced in, under 
pressure, for many hours, when the salt is found lo have 
Absorbed additional carbonic acid, forming a ^'carbonate. 
It is this salt of soda with .which effervescing powders are 
generally raade. 

Caustic sodas- When a solution of soda is boiled for 
a few hours in contact with recently slaked lime, the liquid 
becomes powerfully caustic, so mu‘6h so that the smallest 
quantity applied to the tip of the longue renders the part 
painful for many hours. Caustic soda has the pioperty of 
rendering organic matters, such as oils and fat, miscible 
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with water; it is this property which makes it $q valuable 
to the soapmaker, who, under the .name of “ley” employs 
it in large quantities in his operations. 

MANUFACTURE OF SULPHURIC ACID. 

• • 

Sulphuric acid, or oil of vitriol, was formerly obtained 
by subjecting sulphate of iron {green vitriol qa green copperas) 
to the process of distillation. The thick eily liquid which 
passed over into the receiver was called oil of vitriol or 
vitriolic acid, a highly*corrosive substance of great import¬ 
ance in the arts. This acid is now made by bringing the ^ 
fumes of heated sulphur* into contact with the fumes of 
nitric acid, by which a pdttiou of'the oxygen contained 
in the latter combines with the sulphurous acid fumes, 
converting them into sulphuric add. The apparatus 
employed in the manufacture may be, thus described:* 
A large chamber constructed of stout timber, and lined 
with sheet lead, is* placed on brick or stone supports or 
pillars. A chimney for the escape of nitrogen gas is fixed 
at one end of the chamber on its upper surface. An oven, 
with fireplace beneath, is situated below the chamber in 
which ate the materials for generating the gaseous products 
from which the acid is formed. A steam-pipe enters the 
-chamber, and this is •coimected # to a boiler placed at a 
distance from the chamber. This arrangement constitutes 
thd principal machinery required for fhe production of 
sulphuric acid. 

The oven consists of &, cast-iron plate about five or six 

feet long and four feet wide, surrounded by brickwork. 

• m ** 

A pjpo fitted into the upper arch of the brickwork is in¬ 
serted into the chamber. A small fireplace is constructed 
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beneath the oven, and the smoke arising from the fuel is 
conducted by a flue to 3 chimney erected near* the site of 
the chamber. 

The following details of Abe process of sulphuric acid 
making, c as given by Dr, Ure, will explain both the 
principle and practice of thei operation:— a 1 

“ The production of sulphuric acid from sulphur and nitre 
may be elegaqjdy illustrated by means of a glofye with a 
stoppered hole at its side, and four bent glass tubes inserted 
into a leaden cap in its upper orifice. The first tube is to 
be connected with a heated matrass, disengaging sulphurous 
acid from copper filings and sulphuric acid; the second 
with a retort, direngaging more slowly deutoxide of azote 
(nitric oxide) from copper filings and nitric acid ; the third 
with a vessel for furnishing steam in a moderate current 
towards the end of the process, where no water has been 
^.previously admitted into the balloon; the fourth tube may 
be upright, and terminate in a<small funnel Through the 
opening in the side of <the globe atmospherical air is to 
be admitted from time to time by*reraoving’ the stopper, 
after which the residuary lighter azote (nitrogen) may be 
allowed to escape by the funnel orifice* 

“The nitric oxide first absorbs oxygen from tbe air, 
^becomes, in consequence, nitrous acid vapour, which, giving 
up one-third of its oxygen to the sulphurous acid, converts 
this, with tin?, aid of water, into sulphuric acid, while itself 
returning to the sstate of nitric oxide, is again qualified 
to take oxygen from the air and ,to transfer it to the 
sulphurous acid ,gas; and thus' in. perpetual rotation. 
These oxygenating and disoxygenating processes continue 
until nearly the whole oxygen of the atmospheric, .air 
contained in ‘the globe is consumed. Were there ‘little 
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aqueous vapour present, those gases would soon, cease to 
operate upon each other; for though the nitric oxide 
became nitrous acid, this would oxygenate little of the 
sulphurous acidj because the three substances would 
condense into white crystals upon the sides of the* balloon, 
like hpar-ftost# upon a window-pane in winter. These 
indicate a deficiency of aqueous vapour, aif excess of 
nitrous ^cid! * On the admission of steajft the crystals 
disappear, the sulphuric acid is liquefied, the nitrous acid 
is converted into fiitric acid and nitric oxide; the former 
of which combines with the water, while the latter is 
converted by the atmospheric oxgyen into nitrous* acid 
vapour. A certain quantity of water is therefore requisite 
to prevent the formation 6f that crystalline compound, 
which condenses the nitrous acid, and renders it inoperative 
in transforming fresh portions of sulphurous acid into sul-* 
phuric. On these principles alone is it posoible to oxygenate • 
the sulphurous acid, by the nitrous acid resuming "and 

surrendering a dose t)f oxygen in perpetual alternation. 

• • 

“There are at least two plans at present in use for 
burning the sulphur continuously in the oven. In the 
one, the 'sulphur is laid on the hearth (or rather on the 
flat hearth in the separate oven), and is kindled by a slight 
fire placed under it*; which fire,.however, is allowed to go 
out after the first day, because the. oven becomes by that 
time sufficiently heated by the sulphur Ifhraes to cany on 
the subsequent combustion. Upon the hearth an iron 
tripod is set, supporting,*a few inches above it, a hemi¬ 
spherical cast-iron howl (basin) charged with nitre and its 
deccynposifig proportion of strong sulphuric acid. 

“In»the other 1 *plan,twelve parts of bruised sufpliur aud one 
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of nitre ere mixed in a leaden trough on the floor with one 
of strong sulphuric acid, and the mixture is shovelled through 
the sliding iron door upon the hot hearth. The successive* 
charges of sulphur are proportioned, of course, to the size 
of the chamber. In one of the largest, which is 120 feet 
long, 20 broad, and 10 high, 12 cwt. are« burned in the 
course of tv?'enty-four hours, divided into six charge^ every 
fourth hour, oftf cwt. each. In chambers of onfc-si x^h greater 
capacity, containing 1400 metres cube, 1 ton of sulphur is 
burned in twenty-four hours. This immense production was 
first introduced at Chaunay and Dielize, under the manage¬ 
ment of M. Clement Desonnes. The bottom of the*, 
chamber should*bo covered at fit-st with a thin stratum of 
sulphuric acid, which clt&ompofses nitrous acid into oxygen 
and nitrous gas; but not with mere water, which would 
iabsorb the nitrous acid vapours and withdraw them from 
their aerial sphere of action. The vapour of nitric acid, 
disengaged from the nitre on the hearth of the oven, when 
brought .into intimate contact with tfne sulphurous acid, 
either gives up oxygen to it, becomes iteelf nhrous gas, aiid • 
converts it into sulphuric acid; or combines with the sul¬ 
phurous acid into the crystalline compound above described, 
which, the moment it meets with moisture, is decomposed 
into sulphuric acid and nitrous gas. The atmospherical 
oxygen of the chamber f Immediately reconverts this gas 
into nitrous*or nitric .acid fumes, which are again ready, 
with the co-operation of sulphurous acid gas and aqueous 
vapour, to produce fresh quantities of hydrous (thgit is, 
containing water^sulphuric acid '(oil*of vitriol) and nitrous 
gas. At low temperatures, this curious play of chemical 
affinities has a great tendency to form the *crysta]Jine 
compound, and to deposit it in a crust of considerable 
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thickness (from one-half to 1 inch) on the sides of the 
chamber, .jso as to render the process inoperative. A 
circumstance of this kind occurred in a very striking 
manner, during winter, in a manufactory of oil of vitriol in 
Iiussia; and it has sometimes occurred to a moderate 
extent in Scotland. It is called at Marseilles the mcdadie 
des chambrcs. It may be certainly preventedt>y maintain¬ 
ing the interior of the chamber, by a je f *of steam, at a 
temperature of 100° Fahr. When these Crystals fail into 
the dilute acid at the bottom, they are decomposed with a 
violent effervescence; and a hissing gurgling noise, some¬ 
what like that of a tun of beer in brisk fermentation.” 

At the present day nitrate of soda is employed instead 
of nitrate of potash (nitre or saltpetre of cojnmerce) in 
the manufacture of sulphuric acid. A layer of about 3 
inches of water is placed oh the floor of the chamber, and 
this absorbs the dry acid as fast as it is formed. Jets oi 
steam are allowed to pass into the chamber from time to 
time, in order to prevent the crystallization of the acid on 
the inner w*lls of«4hc vessel. The liquid acid is run otf 
when it has attained a certain strengtli or specific gravity, 
and this is'concentrated by evaporation in shallow vessels, 
or platinum retorts. When a certain proportion of water 
has become expelled by evaporation, the acid is put into 
large green*glass bottles enclosed in basket-work. These 
vessels are termed “ carboys.” 

The sulphuric acid or oil of vitriol of commerce is nearly 
twice the weight of water—that is, 1845, the specific 
gravity of water being lb 00 at a temperature of GO 0 Fahr. 

Considered in its simple aspect, the formation of 
sulphuric*acid may be thus summarized: When sulphur 
is ignited, fuTnes are given off which, uniting with the 
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oxygen of the air, converts them into sulphurous acid. If 
now the fumes of nitric acid are allowed tct come in 
contact with the sulphur fumes, a portion of the oxygen 
belonging to the nitric acid unites with the vapour, 
converting the sulphurous acid into sulphuric acid, or oil 
of vitriol. . o 

Besides Being largely employed in the arts and in 
chemical manyfactures, sulphuric acid occurs in many 
natural products—in gypsum, or sulphate of lime, which 
when calcined at a red heat forms the well-known plaster 
of Taris; in sulphate of magnesia (Epsom salts), etc. 

Muriatic acid, or Hydrochloric acid, is the well- 
known "spirit of salt” of commerce. ' It is readily formed 
by acting upon comnton salt ''(chloride of sodium) with 
sulphuric acid, with the addition of moderate heat, in a 
§tondware retort. The acid fumes which escape are 
tallowed to pass into water, which rapidly absorbs them, 
and after a while the liquid arsumes the form of a strong 
solution of hydrochloric- acid, containing about one-third 
pure acid.* A Hundred cubic inches of wate?* will absorb 
at least 48,000 cubic inches of acid in a gaseous state. 

When all the acid is expelled, sulphate of soda (Glauber’s 
salt) remains in the retort, in the form of a crystalline 
mass. This salt is used in the manufacture of soda 
(see p. 27). Muriatic acid is not,always manufactured 
directly as an article of g commerce, but is chiefly a product 
resulting from the' manufacture of soda. Indeed, as com¬ 
pared with the two other mineral acids, sulphuric and 
nitric acids, it is of trifling value. • It .may to a great extent 
be considered as a waste or secondary product occurring 
in the manufacture of soda, as will be seen when refer¬ 
ring to c tbat important article. 
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When pure, hydrochloric. acid is a colourless, invisible 
gas. Exposed to the air, it gives off white fumes, and in 
the presence of the vapour of ammonia, with which it 
readily combines, it forms dense white fumes of muriate 
of ammonia (chloride of ammonium, or sal ammoniac). 

Hydrochloric acid is useful in the arts in forming 
certain salts, which are termed chlorides , a£ chloride of 
zinc,*etc. Combined with nitric acid, it # fcrms the well- 
known aqua regia , so much used as a solvent of gold and 
platinum. * 

REPINING GOLD AND SILVER, AND. 
ALLOTS OP G.OLD! 

Treatment of the ore. —The native ore of gold usually 
contains silver, copper, lead, iron, and sometimes platmun* 
and its alloys, together with earthy matters. The process* 
for extracting the gold and silver is as follows : A quantity 
of ore (say 4 ounces) is placed ii%& crucible and subjected 
to a red beak in a blast-furnace; and while hot is thrown 
into cold water, by which it becomes disintegrated —that 
is, separated. . It is jiext dried, pulverized, and washed to 
remove the lighter particles. To the residuum is added 4 
ounces each of nitre, common salt, and potash. The whole 
is then placed in a*‘ ski^tlc-potas it is called, which being 
narrow at top prevents the fused mass boiling over. It is 
then exposed in the furnace to a heat stflicient to reduce 
the salts to a thin flux. The crucible is then removed from 
the furnace and allowed* to cool; when quite cold it is 
broken, and a metallic button will be obtained, which is to 
be weighed to ascertain the loss by foreign substances. The 
butt o'i], which ©onsists of gold, silver, and platinum £if any 
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of the latter be present in the ore), is placed in a small 
Hessian crucible and returned to the furnace; \yvhen in a 
state of fusion it is removed and poured into a vessel of 
cold water kept in a state of agitation, when it becomes 
granulated —that is, formed into small grains or particles. 
The grains are then collected* and dried, arul one of them 
tested with ihtric acid. If silver and platinum predominate, 
the acid acts once on the surface; if otherwise, 12 
grains of the compound are taken and silver added grain 
by grain, fusing each time with the blowpipe on charcoal 
until the nitric acid acts upon the surface after being 
scraped to remove the oxide. The button is then weighed 
to determine the-quantity of silver which has been added. 
►Silver is then added to the^rest of the grains in the same 
proportion as in the 12-grain test, which reduces its quality 
to what is called “the parting alloy ”—viz. 9-24ths of gold. 
‘The mass is then fused as before in a crucible and re- 
granulated. After this process the grains are digested in 
nitric aci$ in a‘Florence ^.ask gently heated on a sand-bath 
to dissolvb the silver and platinum ; the grains become 
divested of their silver, but still keep their form, although 
in a porous or spongy condition and of a brown colour. 

The grains of gold are next repeatedly washed in boiling 
water to remove any trace of nitrate of silver which may 
remain. The gold is now annealed-r -that is, njade red-hot 
—and finally, mixed with a small quantity of potash, and 
fused into a button, which is then perfectly pure. 

The silver is obtained in a metallic state by placing 
strips of copper in the dilute solution, which reduces it to 
the form of a grey metallic semi-crystalline powder; this 
is afterwards well washed, dried, mixed with potash, and 
fused .into a button of pure silver. 
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Alloys of gold. —The precious metal is. fused, or 
alloyed, yfith silver and copper in various proportions for 
the manufacture of various articles of jewellery, etc. Some 
of the principal alloys are given below. 

Twenty-two carat alloy consists of— 

* * * oi. dwt. gra. 

Gold.0 *18 8 

^lver.0 16 

Copper..0 1 0 

10 0 


The silver and copper are first placed in a crucible with 
a little borax, and the’crucible is then submitted to a 
strong heat in a forge-fire; arid "when these* metals are 
melted, the gold is added, and the heat kept up until the 
mass assumes the appearance of an apparently transparent 
globule of a light green colour. The molten alloy is theft 
poured into a mould callfid a skillet , and when cold, the 
ingot, as it is ternfed, is rolled ttf a certain’ thicliness, when 
it is cut i^to strfpe£ with a pair of shears, and may be 
drawn into wire or rolled into thin plates. Wedding 
rings are maede of this alloy. 

The* solder employed for uniting joints or surfaces of 
the above alloy is composed of— 

• dwt. gra. 

Twenty-two caftit gold ... 10 

' Silver.• 0 3 

Copper. 0 2 

1 5 

*,The process of soldering—that is, uniting two parts of 
metal together—is conducted as follows: "The pasts to be 
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united are .first scraped or filed; they are then brought 

together and secured by thin iron “ binding ^ire.” A 

lump of borax is then rubbed upon a piece of slate* with 

the addition of a little water, until a pasty mass is 

obtained. L The part to be soldered is then brushed over 

with the borax paste, and small fragments! of‘'the gold 

solder are plafeed on the part to be joined. The article is 

laid on a flat piece of charcoal, and the flame of a bV. vvpipe 

is then brought to bear upon the spot to be united until 

the solder runs, as it is called, when the operation is 

complete, and a perfect union of the p£rts is effected. The 

article is now dropped into dilute sulphuric acid, which 

dissolves the fused borax; it is then filed into shape, and 

rendered smooth by rubbitig with Water-of-Ayr stone. 

In order to give the alloy the appearance of fine gold 
tty; article has now to be “ coloured ”—that is, boiled in a 
fixture of nitre, common salt, and alum made into a 
paste with water, and heated in a a crucible. This mixture 
removes tfye silver and topper from the surface of the 
alloy, whereby it assumes the beautiful c'Olour perfectly 
fine or pure gold. 

Twenty carat alloy is composed of— ■ 

oz. dwt. gra. 

Gold.0 16 16 

Silver.* 6 1 . 12 

Copper . . . ' . . . a 0 1 20 

* f _ 

1 0 0 


Cast jewellery, such as rings in \vhieh fragile gems are 
set, is generally made of this alloy, owing to its being very 
soft and ductile, and thus easily pressed over the frdges,^ 
such brittle stories as turquoises, opals, emeralds, etc. ■ 
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The solder for this alloy is formed of— 

/ dwt. * grs. 

Gold (twenty carat) . . ! . . 1 0 

Silver . 0 3 

Copper # . 0 2 

1 5 

The next, and most important alloy of gold is that termed 
the eighteen carat alloy. It is used in the*manufacture of 
watch-cases, mourning rings, etc., and is The lowest stan¬ 
dard marked at the “ Hall.” It is composed of three-fourths 
gold and one-fourth alloy, thus :~ 

oz. dwt. grs. 

Fine gold . .* , . . . # 0 15 0* 

Silver . . ... „ • . 0 3 0 

Copper . . . . # . 0 42 0 

1 0 O' 


The solder used for the above alloy is composed o£— 

dwt. grs. 

Eighteen carat gold . . ", . r ‘ 1 • 0 

Silver* . 1 . *.(J 4 

Brass.0 2 

1 6 

An alloy of gold much used in the manufacture of chains, 
bracelets, and many other articles of jewellery, and which 
are generally retailed under the attractive#title of “fine 
gold,” is composed ol‘— . * 

oz. dwt. grs. 

• Gold . . . „ ... 0 13 8 

Silver . * . . . . ‘ 0 2 8 

Copper ..0 4 8 


1 * 0 


0 
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This alloy was formerly used in (he manufacture of what 
is called* filagree jewellery, the light gossamer or s wire work 
in fashion in the early part of this century, and the readi¬ 
ness with which it was "coloured"—that is, deprived 
of the sfiver and copper from its surface—was a great 
temptation to employ it extensively, since an article made 
with this alloy could readily be made to assume a virtue 
which it only possessed in a moderate degree. 

“ Jewellers’ gcid,” as it is termed, is a 12-carat alloy, 
consisting of— ‘ 

oz. dvrt. grs. 

Fine gold.0 10 0 

Silver.0 2 16 

Copper. *.078 

* , - 

1 0 0 

r Tt is a deep red colour, due to the large percentage of 
copper in its composition, is soft and ductile, and is easily 
worked. The solder employed with this alloy is termed 
"silver solder,” and is composed of two«parts silver to one 
part brass fused together. The silver solder is afterwards 
rolled out into small fragments, and applied with borax 
paste as before described. 

1 Other alloys of gold are used in the manufacture of 
inferior articles of jewellery, but thore given may be con¬ 
sidered the most important. It is -not an uncommon 
practice to electroigild articles made with a cheap alloy, 
inasmuch as they are incapable of being “ coloured ” by 
any other means. 


c 
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' ELECTRO-METAtiLURGY. 

This name was given by the late Mr. Alfred Smee to 
the art of depositing metals from their solutions by means 
of electricity. # The art was -originally called “ galvano- 
plastic,” as applied to the process of eleetrdtyping, but 
the mo^ ccfinprehensive title adopted by »Srnee is now 
universally accepted as including the electro-deposition of 
metals generally. * 

The coating or covering metals with other metals by 
electro-chemical agency is a vast and important industry, 
and has made great progress since its birth, if we may say 
so, in 18o ( J. The principles of the art may be tjius briefly 
explained: When the two poles or terminal wires of a 
voltaic battery in action are dipped into a metallic solution* 
—as, for example, a solution of sulphate of copper—a bright ■ 

* n 

deposit of this metal will sodn be observed to have formed 
on the wire proceeding from the zinc element of the 
battery. This film is copper reduced to the mefallic state 
by the electro-decomposition of the solution; and if the 
operation be continued for a time a thick deposit will 
appear rifc the end of this wire, whereas the opposite wire 
or “pole” (that which issues from the copper or carbon* 
element of .the l&tteiy) will Jhave become reduced in 
thickness, if not entirely dissolved jnto the solution. In 
otli£r "words, as fast as the copper is d^josited upon the 
negative pole (the wire issuing from the zinc) the positive 
pole (proceeding from 'the copper element) becomes 
dissolved, and thus re-supplies the solution with the metal 
it li^ lost*or has yielded up to the negative end or pole of 
the battery. Tliis being the case, it is evident that if a 
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large plate of copper were attached to the positive pole 
and an article suspended to the negative pole* and both 
immersed in the solution when the battery was in full 
action, that the process wDuld result in ah extensive 
deposition of copper upon the article in solution, while 
the copper plate would have proportionately lost in 
weight. 

It is thus' .that the arts ’of electrotyping,<■’ gilding, 
silvering, and nffckel-plating are carried on. Solutions of 
these metals are prepared from certain well-known fonnuhT, 
and, aided by strong currents of eledtricity, vast quantities 
of the respective metals are annually reduced from the 
soluble to the metallic state and deposited upon articles 
of every CQnceivable form. 1 

In silvering , or “ electroplating,” as it is termed, a solution 
cs made which consists of from 1 to 4 ounces of silver to 
L each gallon of solution. The silver, which must be pure, is 
first dissolved in nitric acid slightly diluted with distilled 
■water. A solution of cyanide of potassium is then added, 
which precipitates the silver in the "form of a whitish 
deposit of cyanide of silver. After repeated washing, the 
precipitate is dissolved in an excess of cyanide of potassium. 
Water is then added to make gp the proper quantity of 
solution, when it is put aside to rest for a few hours, and 
the clear solution is then t transferred to the plating-tank. 

Articles to*be silvered are first weft cleaned, by dipping 
in a hot solution di potash, to remove grease; they are then 
scoured with finely-powdered pumice and water, applied 
with a hard brushi After rinsing, they are suspended, by 
means of thin copper wires, from brass rods lying across 
the tank, and which rods are connected by bindfng s<h*cws 
to the negative pole of the battery. Sheets or plates 6f-fme 
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silver are suspended from brass rods lying across th$ tank, 
alternately $ith those to which the articles are attached. 
These rods are connected with the positive pole of the 
battery. The silver plates are* called anodes , or dissolving 
plates , and these require to be renewed from time to time 
as they beccftne *vorn out or dissolved. 

Electro-gilding. —A double cyanide of gold*and potas¬ 
sium is genertilly used for this operation. The gold is first 
dissolved in aqua regia (a mixture of nitric aifd hydrochloric 
acids). The metal is then precipitated in the form of 
a cyanide of gold, by* adding a "solution of cyanide of 
potassium, and after well washing the precipitate with 
distilled water, it is rc-disfcolved in an excess of cyanide 
of potassium, water being added* to make up thq required 
quantity of solution. As.the gold solution is generally 
worked hot, by which it becomes a better conductor of 
electricity, a much smaller quantity of metal is employed 
'“than is the case in silver solutions—about half an ounce 
to 1 ounce of gold tcf each gallon Of solutiof being strong 
enough for iribst pui^osfcs. A few minutes’ imn/ersion in 
the gold bath will generally give a sufficiently,good coat¬ 
ing of the precious metal upon ordinary work. In some 
cases, as in gilding cheap jewellery, etc., a momentary 
immersion only is necessary. Gold plates or anodes are 
employed as the dissolving plates, jmd the work to be gilt 
is generally prepared By brushing with brass-wire brushes 
called “scratch brushes,” moistened witff stale beer, the 
operation being performed by means of a lathe. 

Nickel-plating consists in employing a solution of 
nickel—usually the double sulphate of nickel and ammo* 
niun^atoufr’cast plates of nickel for anodes, aiyl a powerful 
battery current; or, more generally, the current obtained 
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from a.dynamo-electric machine. This machine, which is 
worked by motive power, is capable of developing a large 
amount of electricity; and the quantity of work plated each' 
day by one of these machines is really marvellous—four 
or five baths, holding from 250 to 300 gallons each, being 
kept in operation by the electricity generated in a dynamo- 
electric machine not much larger than an ordinary gas- 
meter. * • ,n 

In the process of nickel-plating it is of the utmost im¬ 
portance that the work should be absolutely clean, or, as 
we call it, “ chemically ■clean.’* The work is prepared by 
first boiling in a solution of caustic potash; it is then rinsed 
in water, afterwards dipped in a solution of cyanide of 
potassium and again rinsed; it is then scoured with pumice 
and water, and after a final dip in the cyanide, and rinsing, 
it is placed in the bath, and allowed to remain undisturbed 
until the required coating is obtained. Before nickel- 
plating, all work required ‘ to be bright is thoroughly 
polished, and it is afterwards Jinisheit 'by bulling at a lathe, 
Sheffield'fime being employed for the"purpose, which gives 
to the articles a surface of great brilliancy and beauty of 
polish. 

Electro-brassing consists in depositing an alloy of 
copper and zinc, solutions of these metals being prepared 
in the proportion to form the well-kAown alloy. Strong 
battery-power is employed, and ntlien the operation is 
properly conducted, the deposit of brass is fully equal in 
colour to the best specimens qf brass obtained by fusion of 
the respective metals, copper a*nd -zinc. Electro-brassing 
is greatly employed in coating fenders, stoves, and other 
articles intended to represent a brass or brohze ^yyface. 
Steel* pens are also electro-brassed before gildings and in 
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some parts of Birminglia*m a large trade is carried on in 
this item alane. 

* Electrotyping is the art of depositing copper from 
its solution *upon moulds or impressions of objects from 
which a copy in metal is desired. The modlds are 
generally made # of wax or gutta-percha, though they may 
be made of fusible metal (an alloy of bismuth, lead, and tin). 
Wax an<^ gutta-percha not being conductors # of electricity, 
the surface of the rnould made with ttuue materials is 
brushed over with* plumbago (black-lead), which gives a 
bright metallic lustre io the moujd, which then receives 
the deposit freely. The art of electrotyping is very 
extensively practised, 'and by its means .engravings and 
other works of art are copied* whgroby the final impressions 
from such works are equal in beauty and detail to the first. 

Colossal statues and groups of figures have been re$ro- # 
duced by the electrotype process, and these, when after¬ 
wards bronzed , as it is termed* present all the characteristic 
appearance of real* bronze, while being, considerably 
ch’caper. * • • * * 

BLEACHING PALM OIL. 

• • 

This important oil is obtained from the fruit of the 
Mais Gui/iecnsis, or Guinea palm. It is an orange-red" 
substance of the dbnsistence of. butter, largely imported 
into this country for use in soap f and candle making. 
About the year 1836, when the price #f tallow was ex¬ 
ceedingly high as compared with its present value, many 
attempts were made by scientific men to xiecolour or bleach 
palm oil, so as to render it available, when mixed with 
talfq ^ in»the manufacture of soap and candles. By one 
process theoilVas subjected to a high temperature in an 
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iron pan, by which its natural 'red colour was destroyed, 
but tire'oil assumed a dingy brown tint. Chlorine, a most 
powerful bleaching agent, was also employed; but it wac 
found that after coming ip contact with the soda ley in 
the process of soap-making, the colour somewhat returned. 
It was about this time th#t the author’^ father, the late 
Mr. Charles Watt, turned his attention to the subject, and 
after a long series of experiments conducted \yitfi great 
assiduity and qare, his zeal was rewarded by the discovery 
of a process for bleaching palm oil which was thoroughly 
successful and effective.. After vaigily trying every known 
decolouring agent, chromic acid occurred to the inventor, 
and this finally led to the development of a process, 
afterwards patented, which was adopted by nearly every 
soapmaker in the United Kingdom from that time up to 
tlie i present. 

y This beautiful process may be thus described: The 
palm oil is first melted and then transferred to a wooden 
vat, and when at a temperature a little over blood-lieat 
the following substances are introduced, and incorporated 
with the oil by brisk stirring: 28 lbs. of bichromate of 
potash are dissolved in hot water; this solution is then 
poured into the oil, which is briiikly stirred by “ crUtching,” 
i as it is termed. About 60 lbs. of muriatic acid are then 
poured in and the stirring continued. •In a few moments 
evidence of chemical action shows itself, the oil increases 
in temperature, a^id assumes for a moment a dark colour. 
In from four to five minutes it becomes a rich emerald- 

4 

green colour, at which point the decomposition of the 
colouring matter is complete. A steam-pipe is then 
introduced, or pails of boiling water are poured* in. after 
which the oil‘i3 allowed to repose. 
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In a few minutes aftfer, the chemicals, combined with 
•colouring matter, subside, and the oil, colourless*as the 
.purest talTow, rises to the surface. It is then ready for 
the soap or candle maker. 

When the “ chrome process,” as it is familiarly called 

by the tra<Je, was first discovered, bichromate of potash 

was worth about Is. 8d. per lb. Its recovefy after use, 

therefore, wa£ a matter of considerable importance, from an 

economical point of view. This was subsequently effected 

as follows: Recently slaked lime was made into a -thin 

paste of the consistence of cream, and this was added to 

the green liquor, resulting from the bleaching process, 

until all the chrome was,deposited. This was afterwards 

well washed, dried, and subjected to a red heat on an iron 

slab until it assumed the bright yellow colour of chromate 

* 

of lime. This chromate of lime was then again used in 
bleaching palm oil, about 60 11)9. being employed for each 
tun of oil, with the addition of muriatic acid: and thus 
the bleaching of oil and recovery of chrome are con¬ 
ducted with* econoipy jmd incalculable advantage to the 
manufacturer. / ^ 

Besides tlie rapidity and certainty of the process, 
bleaching by chromic acid was found to be perfect as far 
as regards eliminating the colouring matter of the oil; for 
when the process was jproperly conducted, the colour did 
not in the least degr^ return wlieh. the bleached oil came 
in contact with the caustic ley in tlie s<jap-copper. This 
important feature in the process at once secured for it the 
appiCval and adoption of. the whole trade in the United 
Kingdom. 
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BEER—MALTING AND BREWING. 

I 

Although the production of this beverage may not, 
strictly *speaking, be termed a scientific operation, it is 
nevertheless dependent upon chemical changes which 
require to bn well understood to conduct its manufacture 
properly and successfully upon a large scale. < 

The chief operations are —steeping or soaking the barley, 
malting , mashing , formation of wort*fermentation , and 
fining. t t 

Steeping.—A large tank is filled to a certain height 
with water, and the barley is then thrown in and well 
stirred with long rakes,* When the required quantity of 
barley hafl been emptied into the tank, a thin layer of 
watbr only will appear above the grain. The steep occupies 
about forty or iifty hours, according to the condition and 
age «f the grain, the temperaWire of the air, etc., after which 
period it will .have swollen considerahty. This operation 
has the same #fect as the rnoisturq of,the ea&h upon sown 
seed. Thb moisture expands the farina, and thus prepares 
the way for germination. After a while the radicle , or 
rootlet, appears at one end of the grain, followed in due 
° time by the appearance of the plumida, or leaflet, at the 
same end, hut which eventually turns eround, beneath the 
husk, towards the othffr end of the seed. During this 
period of growt\ the starch contained in the seed under¬ 
goes a chemical change, by which it is converted into 
sugar and mucilage. If now the process of germination 
be stopped by artificial means, the saccharine matter 
formed ceases to undergo further change. Thi,fj operation 
is terpied malting , and is generally conducted as follows: 
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The water is first drawn off the steeped barley, which is 
afterward^'washed with fresh water to remove any slimy 
matter that may have formed during the process. The 
grain is then placed, in square heaps about 12 inches high, 
upon a stone floor and left undisturbed for about twenty- 
four liour». Jy this time the barley becomes quite dry, 
and soon after it rises in temperature, "yielding an 
agreeable pgrfume. This stage of the process is termed 
sweating ; and if the hand be thrust into^one of the heaps 
it will not only feel exceedingly warm, but damp. The 
process of germination set3 in -at this period, and the 
radicles soon appear at every seed. The plumula generally 
makes its appearancfe about a day after the radicle. The 
malting is complete at this »stlige, or just ^before the 
plumula, or acrospire , as it is termed, becomes a perfect 
leaf. • 

The progress of growth is now checked by kilw -dTy ing^ 
* The malt-kiln is a large Chamber fitted with perforated 
cast-iron plates, upon which the Inalt is l^d to the depth 
o'f about 3*or 4 irtches. A stove is placed y&neath the 
chamber, and a fire kindled and kept up untir the process 
is complete. »The kiln is so constructed that the heat per¬ 
meates fhe whole chamber so as to ensure uniformity in the 
process of drying. The temperature of the kiln is kept up 
to a little below 1(50° Balir. The rnalt is repeatedly turned 
over until moisture cteases to be giyen off. *When nearly 
dryt the temperature is gradually raised until the malt 
assumes a brownish-yellow colour. The fire is then allowed 
to die out and the malt left to cool. The malting process 
generally occupies about two days. When required for 
por tej gvQg*stout brewing, the drying is conducted at a higher 

temperature, sometimes until the malt is partially charred. 
' * D 
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This is objectionable, however, if carried too far, since a 
bitter principle is formed by the decomposition of Jthe sugar, 
which is not agreeable to the taste. Malt should be of 
three colours—pale, yellow, and brown—the latter being 
employed for the darker coloured ales. 

After drying, the roots and acrospire became brittle, and 
are easily separated from the malt. This is effected by 
sifting, a wire Steve being employed for the purpose. « \Vhen 
required for brewing, the malt is first crushed in a mill, 
between rollers, whereby its constituents are more readily 
removed in the process of • 

Mashing. —It is usual to let the crushed malt lie 
exposed to the air for a few days, J by which it attracts 
moisture from the air, hnd thus the farinaceous matter 
becomes soft and yields more readily to the action of 
water. 

The object of mashing is not merely to dissolve out the 
^ugar and mucilage, but to allGw certain chemical changes 
to take place v^liich greatly economizer the process. The 
malted bailey, besides yielding saccharine iuatt'er, contains 
starch, gluten, and a substance called diastase. These two 
latter substances have the property, when digested in hot 
water, of converting starch into sugar, so that by carefully 
conducting the mashing process a larger yield of saccharine 
or sweet matter is obtained* . 1 

In mashing, the crashed malt is first moistened with 
only sufficient watu (at a temperature of about 157° Fahr.) 
to thoroughly penetrate the mass. The moistened malt is 
to be kept well agitated for about three-quarters of an hour, 
when a further quantity of water at 200° Fahr. is to be run 
into the mash-tun, and the agitation continued ue+iL+iie 
mash assumes a uniform fluid state. The vfcssel is then to 
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be well covered in order to retain the heat. In about an 
hour and # l half the top of the tun is opened and the clear 
wort is drawn off. A second quantity of water at 200° 
Fahr. is now run into the mash-tun, and the whole well 
agitated as before. The wort at first drawn off is then 
pumped into tjie wort-copper *and boiled. The wort of the 
second mash is then promptly drawn off, and added to the 
wort m the*copper, and the boiling continued. 

The addition of. hops to the wort is thb next consider¬ 
ation, and the quantity of hops will depend upon the 
quality or strength of*the beer to be made, and the length 
of time it has to be kept. In making strong beer, 4} lbs. 
of hops are used fo'r every quarter of* malt, while for 
the stronger kinds of ale ‘and porter 1 lb. qf hops for 
every bushel of malt in the usual proportion. §ince 
hops have the power of checking the progress of fer# 
mentation beyond a certain stage, and more especially 
- 4 )f preventing what is teamed acetous fermentation — 
that is, the conversion of alcohol into poetic, acid, or 
vinegar—tUby should be freely employed, up toft a certain 
point, when beer has to be preserved for y lengthened 
period. . • 

When the required quantity of hops been added to 
the wort, the boiling of the latter is continued for several 
hours, according to the strength of the beer; for the 
stronger beers the bailing should he kept up for a longer 
time than for the weaker kinds. • 

When the boiling is finished, the wort is run into a 
vessel called the “ hop-b&ck” to which -a strainer is fixed 
to retain the hops. The strained wort is then pumped 
intewth^flo^s. These coolers are large shallow vessels, 
the object of which is to cool the wort down to a tempera- 
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ture of from 54° to 64° Falir, Fans are sometimes used 

i 

to hasten the cooling. « * t 

Fermentation is conducted in large vats capable of ■ 
holding from 1000 to 1500 barrels each, but the quantity 
of wort introduced into each vat is regulated so as to 
admit the head of yeast to*rise without oyertfowing. A 
quantity of 1 yeast is then mixed with a portion of the 
wort, and this placed in a warm situation uvitil fermen¬ 
tation sets in, when it is poured into the tun of wort and 
well stirred in. The fermenting tun is* then covered, and 
in about six or eight .hours after the yeast is added 
fermentation proceeds briskly. Carbonic acid gas escapes 
freely during tlio process, and renderb a too close approach 
to the vat not only oppressive 'to the lungs but dangerous. 
While fermentation is going on, the temperature of the 
material rises considerably. It is usual, when fermentation 
has progressed for a short time, to cleanse the beer, as it is 
termed—that is to say, it is Amoved to large vessels operj 
at the top, eacji of which is furnished 'with a sloping tray 
for carrying off the excess of yeast •'which rises to the 

surface. b, 

•« 

The beer ie next removed to vessels called store-vats, 
which are generally placed in cool cellars, and for some 
time longer fermentation progresses, during which its 
spirituous strength is greatly augmented, and the beer 
becomes impregnated ^itli carbonic acid gas, whicli imparts 
to it that agreeable freshness whicli is absent in stale or 
flat beer. The beer is afterwards run into barrels, and is 
ready for use. It. is seldom, however, that the consumer 
has the honour of tasting beer in such a genuine condition, 
the retailer paving tutored his customers to p^fei^ihe 
popular beverage after it has been subjected to a system 
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of “ doctoring,” often pernicious, and never advaptageous, 
except fipm a u selling ” point of view. 

Beer is fined or clarified by means of isinglass. Finings, 
as they ate called, are made from isinglass soaked in 
vinegar or sour beer. The isinglass swells up, becomes 
softened, send finally dissolves', when a further proportion of 
hard beer is added. One pound of isinglass will make 
twelve galtons of finings. About one phni of finings will 
generally clarify barrel of beer. When\ising the finings, 
the required quantity is first mixed with a little beer, and 
this is whisked up to a frothy condition, after which it is 
poured into the barrel, briskly stirred in, and, the ‘bung 
being replaced, the * beer is allowed to rest for about 
twenty-four hours. * • # 

Pale ale is made from* steam-dried malt and the young 
shoots of the hop. The darker or amber-coloured ales aie 
made from a mixture of pale-yellow and brown ^ malt/ 
Sometimes raw grain is employed, with or without malt, 
in making beers, especially on the Contine/it. . 

Scotch gfles, so famous for their excellent duality and 
agreeable flavour, are made from the best English barley 
and Kentish or Farnham hops. These^are carefully 
selected, and employed in proportions jtfnich have proved 
to be specially suitable for produej^g ale of a superior 
quality. 

PAPER-MAKING* 

The art of paper-making appears to have been first in¬ 
vented in China abofit the commencement of the Christian 
era, or, according to some authorities, the art originated 
in where paper was first made from cotton fibres. 

Buf it was not until the fourteenth century that paper was 
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made from linen in Europe, namely, in Nuremburg, in 
Germany. The first English paper-mill was greeted i n 
Dartford, Kent, by a German in the service of Queen 
Elizabeth, about the year 1588. It was not?, however, 
until about the middle of the last century that paper-mak¬ 
ing was worhfd successfully fc in this country, most of our 
supplies up to that time being derived from Erance and 
Holland. It ia pow one of our most extensive? 4 industries, 
and has been brought to great perfection, more especially 
during the past thirty years, by improvements in machinery 
and treatment of the materials employed in its manu¬ 
facture. 

Although the operations of paper-niaking arc chiefly of a 
mechanical nature, the'science of chemistry has done much 
towards perfecting the art, more especially in utilizing 
Oilier fibres than cotton in its manufacture. The greatly 
1 increased demand for paper, caused by the removal of the 
paper duty, naturally had the fcftect of enhancing the value • 
of cotton,.and linen rags, from which paper was made. 
This demaUnd led to a search for other fibrofis material, 
and paper imde from straw came into the market in large 
quantities. brittle character of straw-paper, however, 
and the disagreeable cracking noise which occurs when 
handling it, renders^ only suitable for a very cheap class 
of printing paper; and .^though it io still much employed, 
it can never hre held in t high estimation. 

In the year 1858 the author’s father patented a process 
for converting wood fibre into paper, an outline of which 
process will not be uninteresting Co the reader. The wood 
was first converted into shavings by steaip planing 
machinery; the shavings were then boiled for sos^g jime 
in caustic soda, which dissolved- out the rdsinous matter, 
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and after well washing they were placed in a chamber and 
subjected tb the action of chlorine, gas. After this opera¬ 
tion, the shavings were again immersed in a solution of 
caustic soda, by which they became partially pulped . In 
this condition \he pulp represented a brownish clotted 
mass called “^half-stuff”—that is, only partially pulped. 
A solution of chloride of lime was next introduced, which 
bleadh^d the mass to some extent, and this part of the 
process was continued until the pulp became absolutely 
white, when it was subjected to repeated washings until 
all traces of “ bleach^’ or chloride of lime solution, were 
removed. The pulp was then in a condition to be converted 
into paper in the ordinary way. . 

The first public exhibition o£ the'manufacture of paper 
from wood fibre took place at the Victoria Wharf, Regent’s 
Park, in the year 1853, when Lord Derby (then Lor<J 
Stanley), the leading members of the press, and many 
gentlemen interested in the? subject were present, and ex¬ 
pressed their appreciation of the invention* in unqualified 
terms of ^probation# Although the process was not 
“ taken up,” as the phrase hath it, in this Country, the 
American patent for the same invention w^b disposed of 
in the Ifni ted States, and has been practically worked there 
for about twenty-five years upon a sn^le of great magni¬ 
tude, and gome of the finest gpe^lnens of printing pro¬ 
duced in any country arc obtained % upon pajjyer made from 
wood fibre in America. ♦ 

At the exhibition referred to, specimens of newspaper and 
bank-note printing, water-colour paintipg, and many other 
interestin^applieations of the new paper were shown, and the 
briyiauQy of the printed impressions was greatly admired. 

Paper is no tv extensively made from esparto grass, and 
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many other fibrous substances, by which this important 
article has been rendered not only very plentiful but ex¬ 
ceedingly cheap, and to this fact may be attributed the 
wondrous supply of cheap literature which new abounds 
in such profusion in this and other countries. 


NITRO-GLYCJERINE. 

This interesting and powerful explosive substance was 
discovered, by Sobrero; it is prepared much in the same 
way as gun-cotton, but requires eve?, more care than that 
substance in its preparation. MtTo-glycerine is made as 
follows: 100 grammes of glycerine as concentrated as 

possible, at 302° Fahr. having ia specific gravity of 1262, 

* 

are added by degrees to 200 cubic centimetres of mono- 
hydrated nitric acid, placed in a refrigerating mixture. At 
each addition of glycerine the temperature rises, and must he 
allow'ed to descend to 50° Fahr. It is necessary to be care¬ 
ful, during this solution ef glycerine in nitric acid, that the 
temperature should be always below* 30° Fahr. * 

The mix We is stirred with a glass rod, and where the 
glycerine amj acid form a homogeneous, liquid, 200 
cubic centimetfe&uof concentrated sulphuric acid are 
added, in small porAmns at a time. This part of the opera¬ 
tion presents the moSb^anger, if continual attention is not 
paid to the temperature. Experience teaches that there 
is no danger so l«ng as the temperature does not exceed 
30° Fahr. There was once a case in which the temperature 
rose as high as 50“ Fahr., but between that and 68° Fahr. 
there was a sudden and violent reaction between the 

4 “ 

glycerine and nitric acid, in consequence of wld^h ^he 
liquid jsvas violently projected out of the vessel. 
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This inconvenience is* completely avoided by keeping 
the tempei^ture below 32° Fahr.. With this precaution 
• the nitro-glycerine, after adding the sulphuric acid, sepa¬ 
rates in the form of an oil floating on the acid, and is 
removed by mealns of a funnel with a tap. The quantity 
of this impure^ product, containing a little acid, amounts 
to about 200 grammes. About 20 grammes more are pro¬ 
duced Jpy mixing with water the acid wjiieh separates 
from it. j • 

These 200 grammes are dissolved in as small a quantity 
of ether as possible, synd this solution is agitated several 
times with cold water, until it no longer reddens litmus- 
paper. It is then evaporated on a sand bath, and heated 
until the nitro-glycerine bo Ipnger loses weight. The 
quantity .of pure product, thus formed amounts to 184 
grammes. 

Nitro-glycerine is a pale-yellow oily liquid. Heated to 
4^0° Fahr. it decomposes, *at a higher temperature it 
explodes, breaking the vessel in which it is madp, or else 
inflames without detonating. If a little nitrcZ-glycerine 
is poured oil a heated porcelain plate, violent/detonation 
occurs, and the plate, breaks. If struck with^f hammer on 
an anvil/ifc detonates violently. ' 

putty-powdSr, or’ g£ide op tin. 

r * • 

This delicate substance is much employed in polishing 
metals, optical glasses, etc., and may be readily prepared 
by the following process; invented by,M. Vogel, jun., of 
Munich. % 

\ solution of commercial chloride of tin prepared by 
pouring on one part of the salt six pscrt 3 of boiling distilled 
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water, and the solution is filtered through a cloth into a 
cylindrical glass vessel*, in order to allow the Ypreign sub¬ 
stances which are sometimes found in the chloride of* 
commerce to deposit. The filtration by meansmf filtering- 
paper is too slow, and it is always attended with the loss 
of a subchloride which does not pass thorough filtering- 
paper ; therefore this filtration is not practicable, and may be 
completely replaced by passing the solution through'linen. 

Into the still hot and almost clear ^solution of chloride 
of tin is poured a concentrated solution of oxalic acid; a 
white precipitate of oxalate of protoxide of tin is formed. 
After complete cooling, the liquor is decanted, and the 
precipitate is washed on a cloth, with cold water until the 
washing water has no longer a# acid reaction. 

The oxalate of tin is afterwards heated, dried on an iron 
plate, or in a boiler of the same metal, over a small char¬ 
coal fire. The decomposition of the salt commences at red 
heat; and there remains, after the disengagement of carboiye- 
acid gas, f and carbonic oxide, a quantity of oxide of tin, 
which is found in the state of extreme* division. 

During the decomposition, which must be accelerated by 
stirring witK» an iron wire, the matter undergoes a con¬ 
siderable inereSfcbV of bulk, consequently it is necessary to 
‘employ for this operation very spacious vessels, so as to 
avoid loss of products* „ * 

With regard to the quantity of the* substances, it results 
from calculation that we obtain one part of oxide of tin 
by employing two parts of chloride of tin and one part of 
oxalic acid. 

The trials which artisans have made of this oxide of tin 

i 

for polishing metals, principally objects of steel and optical 
glasses^ have proved that this product occurs in the finest 
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possible state of division, and that it presents great 
advantages^In its application; there is no doubt that the 
oxide of tin obtained by the process indicated will be 
generally introduced into industry wheu the merits of the 
process have been fully tested. 

, SILVERING GLASS. 

. • 

M. Pettijean’s ^process consists essentially in the 
preparation of a solution containing oxide of silver, 
ammonia, nitric, and tartaric acids,'-able to deposit metallic 
silver either at common or somewhat elevated tempera¬ 
tures; and in the right • application of this solution to 
glass, either in the form of plates dV vessels. 

One thousand five hundred and forty grains of nitrate 
of silver being treated with 955 grains of strong solution* 
of ammonia, and afterwards with 7700 grains of water, 
5 ^fi}ds a solution to which, when clear, 170 grains of tar¬ 
taric acid dissolved in 680 grains df water ij to lie added, 
an*d then 1^2 cubic •inches more of water, with good agi¬ 
tation. When the liquid lias settled, the clear r&rt is to be 
poured off; 152 cubic inches of water is to/fbe added to 
the remaining solid matter, that as mucbsnay be dissolved 
as possible, and tlic clear fluids to bgj/put together and * 
increased by the farther addition ,pt G1 cubic inches of 
water. This is the Silvering solution, No. }; a second 
fluid,'No. 2, is to be prepared in like nfanner, with this 
difference, that the tartaric acid is to be doubled in quantity. 

The apparatus employed for the silvering of glass-plate 
consists of sl cast-iron table-box, containing water within, 
au<f*§ sat of gas-burners beneath to he^t it. The 
upper -surface df the table, is planed and set truly* hori- 
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zontal by a level, and covered by a varnished cloth. Heat 
is applied until the temperature is 140° Fahr. * t 

The glass is well cleaned first with a cloth, after which 
a plug of cotton, dipped in .the silvering fluid, and a little 
polishing powder, is carefully passed over the surface to 
be silvered, and when this ^application is cjry it is removed 
by another 0 plug of cotton, and the plate obtained perfectly 
clean. The glass is then laid on the table,*a portion of 
the silvering fluid poured on to tlys surface, and this 
spread carefully over every part of it by a cylinder of 
indiarubber stretched .upon wood> which has previously 
been cleaned and wetted with the solution. In this manner 
a perfect wetting of the surface obtained, and all air- 
bubbles, etc., are removed- Then more fluid is poured on 
to the glass until it is covered with a layer about one-tenth 
f of an inch m depth, which easily stands upon it; and in 
that state its temperature 13 allowed to rise. In about ten 
minutes or more silver begirfs to deposit on the glass, jpid 
in fifteen or twenty minutes a uniform opaque coat, having 
a greyish'tint on the upper surface, is* deposited. 

After a pertain time the glass employed is pushed to the 
edge of the\able and tilted, so that the fluid may pour off; 
it is then wasti&L'with water. The under surface presents 
' a perfectly brilliant metallic plate of high reflective power, 
as high as any thatN^lvey can attain to; and the coat of 
silver, though thin, is # so strong as t<$ sustain handling, and 
so firm as to bea® polishing on the back to any degree, by 
rubbing with the hand and polishing powder. 

The usual course in practice, however, is, when the 
first stratum of fluid is exhausted, to remove it, and apply 
a layer of No. 2 solution; and when that has beeiw^meved, 
and the glass washed and dried, to cover the back surface 

0 i 
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with a protective coat of black varnish/ When tjie form 
of the glasg'varies, simple expedients are employed; and 
fey their means either concave or convex, or corrugated 
surfaces are* silvered, and bottles and vases are coated 
internally. It is*easy to mend an injury in the silvering 
of a plate wfeict^has been coated by this process. 

The proposed advantages are—the production of a 
perfect* sefleoting surface; the ability to repair; the mer¬ 
cantile economy of Jlie process (the silver ia a square yard 
of surface is worth Is. 8d.); the certainty, simplicity, and 
quickness of the opentfion; and, above all, the dismissal 
of the use of mercury. In theory, the principles of the 
process justify the expectations, and in practice nothing as 
yet has occurred which is counter to them. 


VINEGAR-MAKING. 

^Chis well-known and highly useful vegetable acid re¬ 
sults from the acctijication of substances containing, alcohol. 
When ordinary beer; for example, is allowed to* come in 
contact with the air, in warm weather, in a short time it 
acquires q soun taste,-owing to the formation of acetic ficid, 
or vinegar. When animal or vegetable matters aTe boiled 
in water, the infusion, after a time, becj/nes converted into 
a solution of aceticf acid or vineg^jy/ Starch, flour-paste, 
soups, etc., quickly “ tlirn sour,” as i£ well kaown, in hot 
weather. This acidity is due to the formation of acetic 
acid. 

Most of the vinegar* of the shops is made from malt and 
barley. Tl^e malt is first made into a mash with hot 
wattr, JFhe wort is then run off, and fregjji water at a 
higher temperature is then, added to the drained malt. A 
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third wgter is afterwards employed, but this must be boil¬ 
ing hot, in order to extract all the soluble matters. When 
the liquor has cooled down to 75°, brewer's yeast is stirred 
in, and the wash is put into casks, which are laid on their 
sides, and kept in an apartment heated to at least 70° by 
hot-air pipes issuing from stoves placed optside the build¬ 
ing. 

Vinegar may be readily made from sugar- One pound 
and a half of sugar is dissolved in qach gallon of water, 
which must be hot. When this has cooled down to 75 u , 
yeast is added. Fermentation soon sets in, and after two 
or three days the clear liquor is racked off into a cask, 
when 1 lb. of, bruised raisins and 1 ounce of crude 
tartar are added to each gallon of wash. Fermentation is 
allowed to proceed, as before, in open vessels, and when 
t the acetifieation is complete the vinegar is fined by the 
addition of a little isinglass, after which it is bottled. 

White-win© vinegar is" made on the Continent fs^n 
inferior ,wiue^ and the juice of the grapes, together with 
wine-lees 1 (or crude tartar). The "process of manufacture 
is conducted upon the same principle as malt or British 
vinegar, and is considered preferable in flavour to the latter. 
At one time the Orleans vinegar was held in high estima- 
k tion, and justly scJ< but since then the improvements in 
the manufacture of Wcisb vinegardiavb been * so consider¬ 
able, and the supply ,so adequate td the demand, that the 
public have to a great extent accepted the home manu¬ 
facture as equal to their requirements. 

Aromatic vinegar is made by mixing certain essential 
oils, a3 cinnamon, cloves, rosemary, lavender bergamot, 
neroli, etc., \yith glacial acetic acid, to which is*addtd a 
little ^rectified spirit of wine. • It forms’an exceedingly 
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pungent and agreeable perfume for the relief of headache, 
and is useful in cases of fainting. • 


• ACETIC ACID. 

This powerful vegetable acid forms the basis of all 
species of vinegar. It is very commonly made, for com¬ 
mercial «purposes, from the acetate of soda,, this substance 
being a product in ,the manufacture of pyroligneous acid , 
or wood vinegar. The crystals of acetate of soda are placed 
in the body of a copper still, strong sulphuric acid is 
then added, with brisk stirring. The head of the still. is 
then fixed in its proper* place, and is well secured by 
luting. Gentle heat is then applied, and in ayery short 
time the acetic acid distils over. , 

The acetic acid is next subjected to a process of purifi¬ 
cation. It is first mixed with a quantity of fused chloride 
(fl^aicium, a substance having a great affinity for water, 
and is then redistilled, the acid passing through* a refri- 

• % ° ° I 

gerator, when it assumes a beautifully crystallized form. 
These crystals are then well drained, at a temperature not 
higher thfin 45° Fall*., and are subsequently liquefied by 
placing them in a warmer atmosphere. The new liquid is 
agitated with peroxide of lead, and again and again distilled 
until the acid crystallizes at a temperature of 51° Fahr., 
when it represents tbe glacial acid so well known in 
photography. • 

Although there are many other processes for making 
acetic acid, the above fs fofr all practical* purposes a useful 
and economical one to follow. 

pyroligneous acid, or Wood vinegar, .is a product 
resulting from tlfe destructive distillation of wood. When 
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wood is, subjected to heat, in an iron retort, its volatile 
matters, consisting of <tar, creosote, pyroligneous acid, and 
various other liquid and gaseous matters, pass over into 
the receiver, and are afterwards treated and separated by 
redistillations. Wood naphtha, pyroxylic spirit , or wood 
spirit (hydrated oxide of methyl), which, 0 whten added to 
spirit of wine, forms the methylated spirit of the shops, is 

i 

one of the most important products. * 

Pure pyroligneous acid is prepared by adding to the crude 
product recently slaked lime, which converts it into acetate 
or pyroli<jnate of lime. > This is now subjected to gentle 
heat to destroy a portion of the empyreumatic matter with 
which it is combined; it is then again dissolved, and a 
solution of sulphate of soda-added. A process of double 
decomposition, as it is termed, here takes place, acetate of 
, soda being in solution, and sulphate of lime forming an 
insoluble precipitate at the bottom of the vessel. The 
solution of acetate of soda is afterwards evaporated to dry¬ 
ness, then dissolved in water, and finally evaporated and 
crystallized. • ■' 

The crystals of acetate of soda are then, as we have 
shown, treated with sulphuric acid ima still} and ,flie acetic 
or pyroligneous acid allowed to distil slowly over, the 
' product being the ordinary acetic acid of commerce. 

The woods from which .this acid« is inade are preferably 
those whichuhave gro^wn slowly updn a dry soil, or hard¬ 
woods, as they ure called. Birch and red beech‘yield 
about 7£ ounces of wood vinegar per pound of timber 
used. The timber from white beech; holly, horse-chestnut, 
and common ash yield a very strong wood vinegar. 
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BENZOLE, OR BENZINE OOLLASf. 

This important and interesting body was first discovered 
by Faraday,’ and has been bef6re referred to as one of the 
products resulting from the destructive distillation of coal 
(see p. 2). * It# may also be 'produced „by decomposing 
benzoic acid by heat in presence of lime or baryta, and 
hence the ifame benzole. It exists in very considerable 
quantities in coal>tar naphtha, or that ‘portion of the 
liquid products of the destructive distillation of coal 
which floats on watef, boils bel&w the temperature of 
212'’ Fahr., and congeals to a solid mass at 32°. The 
ordinary coal-tar naphtha* of commence is a very impure 
product. The mode of sepaVatiftg the benzole from it was 
first pointed out by Mansfield. He took the ordinary 
naphtha, distilled it in a still with a double head, so* 
constructed that only that portion of the naphtha which 
distils at the lowest temperature was collected; the 
product thq£ obtained was digested with *oil qf vitriol, 
which turned it black. *It is necessary that this part of the 
process be repeated at least twice, or the proper degree 
of purifioation* will ‘hot be effected. The benzole thus 
separated is washed with water, dried with anhydrous— t 
that is, dry—sulphate of soda, and redistilled; it is then 
, exposed to a freezing temperature, and when solid, sub¬ 
jected to pressure, when the pure benzole is obtained. 


•AMMONIA. . 

This is gaseous compound of nitrogen and hydrogen. 
Combined with water, it forms the liquid » ammonia of 
conpnfcrce, and in combination with hydrochloric acitl it is 

" E 
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well known under the title of sal-ammoniac . This latter 
compound was originally imported into I? if rope from 
Egypt, where it was obtained by sublimation from th d 
soot produced by burning eamels’ dung, neat the temple 
of Jupiter Ammon, in a district called Ammonia, in the 
Lybian Desert. • f 4 

Ammonia is produced on the large scale chiefly from the 
gas-liquor of *the gasworks. The liquor is* first* treated 
with sulphuric or hydrochloric acid; and it is then 
evaporated until crystallization of the salts (sulphate or 
muriate of ammonia) takes place. « 

Liquid ammonia is formed by mixing the sulphate or 
muriate of ammonia (sal-ammoniac) with recently slaked 
lime. This mixture is then *put into an iron retort, sub¬ 
jected to heat, and the vapour of ammonia which is 
, evolved is allowed to pass into water, which readily absorbs 
it, until the water becomes completely saturated. The 
rationale of the process may be thus briefly explained: 
A charge of ipuriate of ammonia and quicklime, worked 

I ■ a 4 m f 

up into a thinnish paste, is put rnttf the retort; an iron 
pipe, fixed into the upper part of the retort, is connected 
by proper tubing to a Woulfe’s bottle, the end o£ the tube 
reaching nearly to the bottom of the bottle, which is 
' supplied with a layer of water, into which the end of the 
tube dips. A second Woulfe’s bottle is connected by 
means of a lsent tube*with the former, through which the 
ammonia vapour 0 passes into a layer of water as bbfore, 
when the water in the first bottle is saturated. A third 
bottle, similarly arranged, receives the unabsorbed gas, and 
so on until the series is complete. These bot^es must be 
kept cold by wet cloths while the distillation is progressing. 
When all the ammonia has been expelled frorn the 
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retort, the fire is withdrawn, and the chloride of. calcium, 
or sulpliat^'of lime, which forms the residuum, is removed. 

• The ammonia in the bottles is run into Winchester quart 
bottles or ^carboys, which are carefully stoppered, and 
should be kept in a cool situation. 

Sal-ammoniac, or chloride of ammonium, is 
prepared, commercially, from gas-liquor. This is first 
saturated with hydrochloric acid, the offensive fumes which 
escape being conducted into the shaft of a»chimney. 

In very large operations the gas-liquor is placed in 
tanks capable of holding many thousand gallons of liquor; 
the acid is added gradually, with brisk agitation, so as to 
thoroughly incorporate it with the anynoniacal liquor. 
The quantity of acid to be, added fo each gallon of the 
liquor depends upon its ammoniacal strength; from to 
2 lbs. of acid per gallon being commonly employed to u 
neutralize the ammonia. When the saturation is complete, 
wjiich is ascertained by meafis of test-paper (blue litmus- 
paper), the liquor, which is now hydroehlorate of ymnonia 
or’sal-ammoniac, in solution, is run into evaporating pans, 
which are sometimes very large pans or vats, made of cast 
iron, eacjji capable o S holding at least 1000 gallons. A 
furnace is constructed beneath these evaporators, in which 
the heat is kept up for a considerable time, or until the' 
solution is jn a condition to yield crystals. During the 
process of evaporation, the tar which rises to the surface 
is r&noved by skimming. When the* evaporation has 
been carriod far enough the concentrated liquor is put into 
vessels for crystallization/ and this is occasionally stirred 
in order to check the formation of largo crystals. 

the product in this stage of the process is, very impure, 
owing-to the presence of matters derived from the tar, etc. 
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It has therefore to be subjected to purification. This is 
accomplished by sublimation. When muriate 6^ ammonia 
is moderately heated it volatilizes, and condenses in a 
solid form. This operation is generally conducted as 
follows: Cast-iron pans are set in brickwork with a 
furnace fire beneath each pan. A cast-iron or leaden dome 
or “head”’■is supplied to each pan. The crude product 
obtained in tbq operation last described is placed In the 
pans and tightly pressed down, the heads are then placed 
over the pans, and are secured by clamps to the flanges of 
the pans. A small aperture at the fop of each dome, fitted 
with a plug, admits of the escape of steam in the earlier 
part of the process, and also acts as ■ a safety-valve in case 
the heating lias been excessive. The regulation of the 
beaten the subliming operation is of the utmost importance, 
*and requires much attention and skill on the part of the 
workmen, not only to secure a good commercial article, 
free from contamination by empyreuinatic products^of 
coal-tar, ,but ajso to prevent the head or dome from being 
blown off, a circumstance which would be fiaught with 
much loss and mischief, even if personal injury did not 
occur. 

The regulation of the heat in the sublimation of sal- 
1 ammoniac is sometimes determined by dropping water 
upon the head of the subljmer, when, if the temperature is 
proper, the drop of waiter simply bolls and evaporates, but 
does not fly off at it would do if dropped upon a ve*y hot 
surface. The time required to sublime the sal-ammoniac 
varies according to circumstances, such as the regulation of 
the heat and the size of the pans and sublimers employed; 
about five or fix days may be considered the avenge pgi'iod 
to complete the operation successfully. K is not usual to 
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sublime the whole of the salt contained in the crude 
product, qjbfierwise certain volatile? empyreumatic * matters 
would pass over, which would contaminate the sal- 
ammoniac tmd render it unsaleable, 

When the sublimation is complete, the fires are with¬ 
drawn, and’ttyi vessels allowed to cool. The heads are 
then ^ removed, when the sublimed product will be found 
to assume *the form of conical masses,, about 4 or 5 
inches in thickness. These cones are afterwards broken 
up into lumps, and are then placed in casks ready for sale. 

When the ammoniaeal liquor is neutralized with sulphuric 
acid instead of hydrochloric acid, a brown salt is obtained 
upon evaporation, which*is the sulghate*o{ ammonia. To 
convert this into muriate of ammonia (sal-anymoniac) an 
equal weight of common salt (chloride of sodium) is mixed 
with the salt before placing it in the subliming-pans. Thfc 
sulphate of soda which is formed remain? as a crystalline 
i.j&&S^iii^the subliming-pans. 

.Cooley jn his admirable Cyclopaedia &ys: ** Another 
method adopted, particularly on the Continent, and one 
equally applicable to any crude ammoniaeal liquor rich 
in free ammonia or fts carbonates, is to employ sulphate of 
lime as the source of sulphuric acid to neutralize the alkali 
[ammonia]. For this purpose the ammoniaeal liquor is 
passed through a*series of three or four covered wooden 
filters lined with lead, each containing a layer of crushed 
gypsum [native sulphate of lime] to ttoe depth of 3 or 4 
inches. These filters are usually set on a stage, one above 
another, and each fcomfnunieates with a cistern placed 
bqneath it by means of a leaden pipe furnished with a 
stdjpcockf This last is not opened until the liquor ha3 
regained some # little time in the'filter; and a pumjHhrows 
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back ones or oftener, upon each filter, what has already 
passed through it, before it is allowed to run intp the next 
lower one. The liquor in each filter is not allowed to ' 
st&tfd higher than from 2 to ‘3 inches above the surface of 
the gypsum; and the lowest, or last filter, is supplied with 
fresh gypsum at each separate charge of fijeshliquor. A 
little water is lastly passed through the filters to w’ash out 
the portion of ammoniacal liquor absorbed *or retained 
by the filtering f media. In this way the gypsum of the 
filters is converted into chalk at the expense of the 
carbonate of ammonia in* the solution; whilst the ammonia 
of the latter assumes the sulphuric acid of the gypsum, 
and is changed into carbonate of ammonia, which, with 
some free ammonia, is 'found ’in the filtrate. Sulphuric 
acid r is next added to the filtered liquor to completely 
neutralize the free and carbonated alkali still existing in 
it; after which it is evaporated in a leaden boiler, with 
frequent skimming to remove floating oil, until of the spegiflc 
gravity ofil'l 6Q\ Chloride of sodium (sea-salt), in sufficient 
quantity to convert all the sulphate bf ammonia in the 
liquid into hydrochlorate by double decomposition, is now 
added with constant stirring; after which the clear portion 
is either pumped or syphoned off into a somewhat deep 
reservoir or tank, where it is allowed to settle. The liquid, 
after sufficient repose, is pumped frem the reservoir to the 
boilers and evaporated* with frequent agitation, so long as 
the sulphate of sotla now existing in it falls to the bottom 
in granular crystals. These crystals are at intervals 
scraped to the cooler portion of the pan or boiler, whence 
they are removed by copper rakes and shovels into 
draining hoppers placed near the edges of the pan. . The 
liquor‘in -the boiler is ‘now a strong solution of pal- 
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ammoniac, but still containing a little sulphate, of soda, 
from whidf it has to be freed by crystallization.* With 
this object it is further concentrated, and then run or 
pumped into the crystallizers,. In thirty or forty houra,or 
longer, the mothtr-liquor is run or pumped off. The mass 
of newly-fc^med crystals is .then drained, and slightly 
washed, first with a little weak solution of sad-ammoniac, 
and fh^xt with a very little cold water, affcer which they 
are again well drained.'" • 

Pure commercial sal-amrncmiac is generally met with 
iu cakes about.4 or & inches in .thickness; it is slightly 
llexible, and possesses a peculiar toughness when hammered, 
it is easily volatilized ^it *i moderate heatj, giving off dense 
white fumes, which condensg on^ccfoling, leaving no residue. 
This is therefore a simple test of its purity.- *The salt is 
much used in tinning iron and brass, and is also employed 
as a medicine. 


POTASa 

* When wood fuel is burned to ashes, and the a*shes after¬ 
wards boiled in water, the latter becomes impregnated with 
an alkaljne substance of great importance in the arts. 
The liquid is first filtered and then evaporated in iron pots 
until a dry mass is obtained, which is termed potash, a 
name derived front the fact of. the ashes being boiled iu 
pots, hence pc task OT*potashai. • • 

America, which abounds in timber, m the chief source 
from which the potash of commerce is obtained. After the 
timber is felled it is piled up in large ^ieaps and burned; 
the ashes are then collected and placed in large wooden 
tanJcg. A moderate quantity of water and •quicklime are 
then added, and the mass is well stirred. After a few hours’ 
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repose the clear liquor is drawn off, and placed in iron pots, 
beneath which a fire is.kindled. The whole the water 
in time becomes expelled, and the heat is then increased 
until the dry mass becomes fused. When cold the mass is 
broken up, and put into air-tight casks, When it represents' 
the American potash of commerce, a very powerful alkali 
rendered caustic by the addition of quicklime in tj^e pro¬ 
cess of manufacture. 5 

The substance called pearl-ash is prepared by calcining 
potashes until all the carbonaceous matter and sulphur are 
expelled; the mass is then treated with .water, and the 
clear solution afterwards obtained is evaporated in shallow 
iron pans. Towards the end of the operation the solidify¬ 
ing mass is kept constunfly ptirred, by which means it 
becomes broken up into granular lumps of a bluish-white 
colour. 

o 

When crude potash is treated with a moderate quantity 
of water, or about one and a half times its own weightjmd 
a gentle ( heat ; applied, <he most soluble produc<r\fn the 
impure niass is its carbonate of potash, ana this, con¬ 
sequently, becomes dissolved in the small bulk of water 
applied, while the less soluble neutraLsalts with which the 
crude article is contaminated remain at the bottom of the 
iron vessel, and the clear liquor which floats on the surface 
is a nearly pure solution of carbonate of potash, 

If slaked ]jme be qow added to the alkaline solution, 
and this boiled frm_an hour or so, caustic potash is formed, 
owing to the lime having taken up the carbonic acid with 
which the potash w t as combined. 

The solution of caustic potash is next evaporated until it 
assumes a syrupy consistence, when it is poured cm bright 
metallic plates and is afterwards broken into lumps j it 
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then represents the caustic or potassa fusa of the chemist, 
and is nn^h employed in surgery* This substance must 
always be kept in well-stoppered bottles, since it is highly 
deliquescent—that is, having.the power to absorb moisture 
from the atmosphere. 

Carbonate of potassa, or salt of tartar, is prepared 
by dissolving pearl-ash in distilled water, and fhen filtering 
and evaporating the solution until the ipass begins to 
thicken, when it requires to be briskly stirred, by which 
operation the salt assumes the form of white granular 
particles instead of becoming a.concrete mass. In this 
state it forms the ordinary salt of tartar of commerce, and 

4 

is much used in pharmacy, chemical manufactures, glass- 
making, dyeing, etc. , . 4 

Carbonate of potash has so great an affinity for jvater 
that it dissolves in less than its own weight of that fluit^ 
It is not soluble in alcohol; and if (being previously well 
dyed^a little of this salt is &dded to a mixture of alcohol 
and wfcer, as ordinary brandy, gin, rum, et£., after a while 
tlie potash will be 4ound to assume a liquid form at the 
lower pa/t of the bottle, while the spirit, nearly deprived 
of its waiter, .floats#on the surface. By this means an 
approximate estimate of the proportion of water in 
ordinary spirits, as sold by the retailer, may be readily 
ascertained.. In some, cases, however, the proportion of 
alcohol in common Spirituous liquprs is so # sinall that a 
very*large quantity of dried carbonate of^jotash is necessary 
to separate the water from the spirit. 

When carrying out a series of experiments in this 
direction, with samples of spirits obtained from various 
tavfjiyis, ihe author has been much surprised to find in 
some cases little more than 10 per cent, of alcohol, in the 
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bulk under examination. In order that the dishonest 
retailer may dilute his liquors ad infinitum, a*tincture of 
capsicum, made from the seeds of the plant, is sometimes 
introduced, which enables the professed gin< drinker to 
enjoy the transient bliss of an irritated stomach at a 
cheap rate! It is the author’s opinion that, the sophis¬ 
tication of ^English gin by the introduction of cayenne 
pepper, as a substitute for alcohol, is the chief-cruse of 
what is termed< "mad drunkenness,” and of the many 
brutal outrages which result from drinking this mischiev¬ 
ous and pernicious adulterant. • 

Chlorate of potassa is a highly interesting compound 
of chlorine and potash. It may M readily prepared by 
passing a stream of chlorine gas through a warm solution 
of either carbonate of potash or caustic potash. This 
solution absorbs the gas up to a certain point, and when it 
ceases to do so the alkali lias become neutralized, when 
the solution must be boiled for a short time, and afterw^jds 
gently evaporated. Wlfen a pellicle or film apodal's upon 
the surface, the vessel is placed asidfc to cool gradually. 
In a little while crystallization takes place, and after a 
few hours a fine crop of crystals is obtained. The vessel 
is now to be tilted slightly, so that the crystals may be 
well drained; they are next placed on a filter, and washed 
quickly with ice-cold water. The ^supernatant liquor , or 
mother-liquor f which runs from the crystals must be again 
gently boiled and pooled as before, when a second cr&p of 
crystals, but not quite so pure, will be obtained. 

Chlorate of potash is much ufeed in pyrotechny, and in 
the manufacture of lucifer matches. When ipixed with 
inflammable matter and heated, or even subjected* to 
friction or high pressure, r it explodes with" great violence. 



POTASH. 


75 

Tf chlorate of potash and sugar are mixed together, and 
a drop or/two of strong sulphuric acid poured on the 
'mass, an explosion takes place. The blow of a hammer 

will cause this mixture to detonate violently. This salt 

• v 

requires to be handled with great eare, more especially if 
any inflamfhabje matter is present. 

Nitrate of potassa, saltpetre, or nitre,* occurs as a 
naturahprodtict of the soil in many parts of the earth, on the 
surface of sandstones, limestones, chalk, etc?, and in caverns, 
and frequently upon the surface of the soil where animal 
matters have undergone gradual decomposition. It is pre¬ 
pared ©U the Continent artificially by the slow decomposi¬ 
tion of animal matters And lime in tho atmosphere, by 
which a nitrate of lime is formed, and this is # afterwards 
mixed with water, which.dissolves out the soluble nitrate 
of lime. Carbonate of potash is then added to this solu-* 
tion, which precipitates the lime in the form of carbonate, 
nitrate of potash in solution. This is afterwards 
evaporat&Land crystallized, and forms th nitre of 
commerce/ This is* pdrified by redissolving in boiling 
water arm crystallizing in the usual way, the process 
being repeated to produce what is called double-refined 
nitre. 

The chief uses of nitre are in the manufacture of gun¬ 
powder, fireworks, and*nitrie acid. 

The substance commonly known* as salt ffi sorrel, and 
which may be obtained by expressing th^juiee of the wood, 
or field sorrel, is a combination of oxalic acid and potash, 
or oxalate of potassa* It* may be prepared artificially by 
saturating solution of carbonate of potash with a solution 
of fc»alio # acid f and finally evaporating and* crystallizing. 
The, s&lt is frequently employed for removing the stftins of 
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ink and ." iron-mould ” from linen, and also by bonnet- 
makers for bleaching straw. V 

Cream of tartar is composed of tartaric acid and 
potash, and occurs as a deposit on the interionof the vats 
during the fermentation of grape-juice in the process of 
wine-making. The crude* article is known. Ms argot in 
commerce, *and is either white or red, according to the 
colour of the <grape from which the wine has< been- 'made. 
The cream of tartar of the shops, or bitartrate of potash, is 
prepared by first dissolving the crude article in boiling 
water. The solution is .then evaporated to a certain point, 
and is then set aside to cool, when crystallization takes 
place. The crystals are then redissolved, and charcoal 
and an aluminous clay 'added which removes any colour¬ 
ing matter present. After carefully decanting the liquor, 
,it is set aside to cool gradually, when crystals deposit, 

. which, after draining and drying, form ordinary cream of 
tartar. 

Yellow prassiate of potash, or ferrocv«£mde of 
potassium. When pearl-ash is mixed with liiuns, hoofs, 
dried blood, and other animal matters, and iron i lings, and. 
the mixture is placed in a crucible v>r iron pots and sub¬ 
jected to a moderate heat, decomposition takes place, 
'during which a substance called ferrocyanide of potassium 
is formed. The ingredients are frequently stirred during 
the process cf ignition, and when the vapours which form 
cease to be evolved, the pasty mass is removed and cooled 
out of contact with the air. The mass is then treated with 
boiling water to dissolve out the sbluble salt, and after 
filtration the clear liquor is evaporated to tjie point of 
crystallization, when it is set aside to cool. It is nwual 
to suspend pieces of striftg in ‘the concentrated liquor, to 
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which the crystals readily attach, and when the quantity 
of ferrocyajude solution is large, and the process of crystal¬ 
lization is conducted with care, a remarkably beautiful 
crop of crystals is obtained. * Indeed, in the whole range 
of chemical operations there is probably no finer display 
of beauty tiian^ in the crystallization of this remarkable 
substance. • 

Yeflaw prussiate of potash is largely e Employed in the 
manufacture of Prussian blue, and in making cyanide of 
potassium, a salt employed in considerable quantity by 
electroplaters and photographers. . 

Cyanide of potassium. —When dried prussiate of 
potash is mixed with ‘dried carbonate of. potash, and the 
mixture heated in an iron vassal until fusion takes place, 
the resulting substance (cyanide of potassium) appears as 
a semifluid red-hot mass, which may be cast into cakes, 
by pouring the fused material upon an iron plate./ When 
cold jt is hard, brittle, and wLite. This salt is much used 
oy electrometers in forming solutions of silver, £old, etc., 
and by paotographdVs for “fixing” photographic images 
upon glass plates, by dissolving the iodide or bromide of 
silver wlfich has noti been acted upon by light, and the 
developing agents employed in the process. It is highly 
poisonous, and attracts moisture from the air; it should* 
therefore be.kept irf well-stoppered bottles, out of the reach 
of children and inexperienced persons. • 

* NITRIC ACID,. OR AQUAFORTIS. 

This acid exists, in combination with potash, soda, lime, 
antfr magiTesia, in certain minerals and plants. Nitrate of 
potash, or saltpetre (a compound \>f nitric acid and potash), 
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is found largely in France, Germany, North America, 
Ceylon, China, and matay other countries. W^en nitre is 
treated with sulphuric acid in a retort, and heat applied; 
nitric acid is evolved and* bisulphate of potash remains 
behind. The acid is condensed in a receiver, and when 
the operation has been conducted with care it is very 
nearly pur& 

For commercial purposes nitric acid is frequently made 
from nitrate of soda, a cheaper salt than nitre. The 
apparatus employed in making this acid is similar to that 
employed in manufacturing muriatic acid. «A series of iron 
retorts are ranged in a row, built up with brickwork, and 
with a furnace fire beneath, the Ifeat from which plays 
equally over the retorts/ A series of three-necked carboys 
with bent tubes to connect them with each other, and also 
r \vith the retorts, are placed in position to receive the acid 
as it distils over. 

The salt (nitrate of soda or nitrate of potash) ij^ first 
placed in the^retort, the lid of which is th<^**t;arefiiLly 
luted tight. The proper proportion of concentrated 
sulphuric acid is then poured into the retort through an 
aperture on its upper surface. The aperture is then con¬ 
nected, by a long glass tube, with a series of balloons, 
which, again, are connected with a certain number of empty 
receivers, which may be made either of glass or stoneware. 

The furnace fires are then lighted, and the heat gradually 
raised until the Ucid passes over and condenses in the 
receivers. It is necessary that the sulphuric acid employed 
should be very concentrated, otherwise it will act upon the 
metal of the retorts. 

Nitric acid may be purified by red is t illation .at a 
moderate heat. * 
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When the operation is complete, the fires are withdrawn 
and the refc6rts allowed to cool The residuum, which is 
sulphate of soda (when the nitrate of soda has been em¬ 
ployed in the process), is removed, and another charge of 
materials is intr6duced into the retorts. The nitric acid 
is put into glass carboys, carefully stoppered and luted. 

Nitric acid produces no effect upon gold <»r platinum, 
but when combined with hydrochloric acid it acts upon 
these metals, and with the addition of moderate heat dis¬ 
solves them freely. Two parts of hydrochloric acid and 
one part nitric acid fowns the aqua regia of the alchemists. 
It was so named by them because it had the pow§r to 
dissolve gold—the king of metals, as they called it 

i 

i 

* * 

» 

GILDING WATOH MOVEMENTS. ‘ 

% 

This important industry, which is very extensively 
carried on in France and Switzerland, as also in this 
country, livery clearly described In lloselt-ur’s treatise on 
electroplating, from Which the following extract is taken:— 
“ This ^kiud of gilding, which was for a long time a 
monopoly in Switzerland, is applied on a large scale in 
France only in the departments of Doubs and Jura, and 
especially at Besangon, and at Morez in Jura. As several 
gilders of Baris begin® to employ it quite successfully, I 
think that it is proper to devote a* special chapter to the 
subject, and to thank at the same time'M. Pinaire, gilder 
at Besancon, who, with a rare disinterestedness and liber- 
ality, not only imparted to me all of tlw processes, secrets, 
etc., employed in his own works, but also allowed me to 
publish them. » 

“ # ln the gild frig of watch parts, and other small articles 
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for watchmakers, gold is seldom applied directly upon the 
copper. In the majority of cases there is a preliminary 
operation, called graining, by which a very agreeable 
grained and slightly dead "appearance is given to the 
articles. If we examine carefully the inside of a watch 
we will see the peculiar pointed dead lustre of the parts. 

“ This peculiar bright dead lustre, if I may so express 
myself, is totally different from what we have already 
mentioned. Foi instance, it does not resemble the dead 
lustre obtained by slow and quick electro-deposition of 
gold, silver, or copper, which is coarser and duller than 
that of watch parts. Neither does it resemble the dead 
lustre obtained with the compound acids, which is tho 
result of a multitude of" small, holes formed by the juxta¬ 
position, upon a previously even surface, of a quantity of 
piore or less large grains, always in relief. 

“ The graining may be produced by different methods, 
and upon gold, platinum, and silver; and since the latter 
metal is <• that* preferred, we shall describe ^"'process 
applied to it. - * i 

“ This kind of gilding requires the following successive 
operations:— ’ • 1 

“ 1. Preparation of the watch parts .—Coming from the 
*hands of the watchmaker, they preserve the marks of the 
file, which are obliterated ,by rubbing upon ? wet stone, 
and lastly upan an oiletone. 

“ 2. The oil or grease which soils them is removed by 
boiling the watch parts for a few minutes in an alkaline 
solution made of one hundred parts of water and ten of 
caustic soda or potassa, and rinsing them in clean water, 
which should*-wet them thoroughly if ail the oiHias^laen 
removed. The articles ai% threaded upon a brass wire. 
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“ 3. A few gilders then cleanse them rapidly by.the com¬ 
pound ac*fs for a bright lustre; ’others simply dry them 
* carefully in sawdust from white wood. 

“ 4. Holding the parts. —The parts thus prepared are 
fastened by means of brass pins with flat heads upon the 
even side dfcajrtock of cork. * 

“ 5. The parts thus held upon the cork are* thoroughly 
rubbed over with a brush entirely free from fatty matter's, 
and charged with a paste of water and of the finest pumice- 
stone powder. The brush is made to move in circles in 
order not to abrade owe side more than the other. The 
whole is thoroughly rinsed iu clean water, and no particle 
of pumice-dust should’remain upon the pieces of the cork. 

" 6. Afterwards we plunge th® cork and all into a mercu¬ 
rial solution, which very, slightly whitens the copper/ and 
is composed of— « 

Water. 9 .10 litres. 

l. trate of hinoxide of mercury . „ . . 2 grammes. 

Sulphuric acid . . , . . * 4 * 

" The nieces jtre simply passed through the solution, and 
then rinsed. * This ’operation, which too many gilders 
neglect, gives strength to the graining, which without it 
possesses no adherence, especially wheii the* watch parts 
are made of white? maillecliort, dignified by the name of 
nickel, by watchmakers, or when th® cuvettes contain tin 
in their composition. • . 

“ 7. Graining. —In this state the parts are ready for the 

m 

graining—that is to ^ay, & silvering made in a 'particular 
manner. . 

‘VNpthing is more variable than the composition of the 
graining powdefs; and it may b$ said that each gilder has 
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his own ionnnla, according to the desired fineness of the 
gram. 1 * 

“ Here are the formula? which I have seen used in the * 
works of M. Pinaire:— 

i 

Silver in impalpable powder . . . * 30 grammes. 

Bitartrate of potassa (cream‘of tartar) finely 
pulverized and passed through a silk 
sieve.\ 300 m 

il 

Chloride of sodium (common fealt) pulverized 


>»4J 


and sifted as above 


1 kilogramme. 


“ At the present time* the majority of operators, instead 
of preparing their graining silver; prefer buying the 
Nuremberg powder, which is produced by grinding a 
mixture of honey and silver ( foil with a muller upon a 
groupd-glass plate until the proper fineness is obtained. 
The silver is separated by dissolving the honey in boiling 
water, and washing the deposited metal in a filter until 
there is no remaining trace of honey. The silver is then 
carefully ,clrie<^ at a gentle heat. ^ 

“This si'iver,like bronzy powders, >s sold in small packages. 


or- 


Silver powder 
Cream of tartar . 

Common salt (white and clean) 
_ • 

Silver powder 
Cream of tartar . 

Common salt 


. • 30 grimes. 
120 to 1!>0 


100 


>> 






30, 

100 

1 kilogramme. 


“ All of these substances should be as pure as possible, 
and perfectly dry. . Cream of tartar 'is generally dry; hut 
common salt often needs, before or after it has been pul- 
verized, a thorough desiccation in a porcelain or silver, dash, 
in which it is kept stirred 4 with & glass rod dr a silver spoon. 
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“ The mixture of the’three substances must be.thorough, 
and effected at sf moderate and prdtracted heat 

“ The graining is the coarser as there is more common salt 
in the mixture; and conversely, it is the finer and more 
condensed as the proportion of cream of tartar is greater, 
but it is then more difficult to scratch-brush. 

“ 8. The graining proper .—This operation ns effected as 
follow: A. thin paste of one of the abov£ mixtures with 
water is spread by means of a spatula*upon the watch 
parts held upon the cork. The cork itself is fixed upon 
an earthenwaiye dishorn which a, movement of rotation is 
imparted by the left hand. An oval brush with close 
bristles is held in the .right hand, and nibs the watch 
parts in every direction, bqt always with a rotary motion. 
A new quantity of the paste is added two or*three times, 

and rubbed in the manner indicated. The more we turn 

• 

the brush and the cork, the rounder becomes the grain, 
which is a good quality; and the more paste we add, the 
larger th^grain. * l • 

“ The watchmakers generally require a fine grain, circular 
at its base, pointed at its apex, and close—that is to say, 
a multitude of juxtaposed small cones. A laiger grain 
may, however, have a better appearance ; but this depends 
on the nature and the size of the articles grained. 

“ 9. Whgi the desii^d grain is obtained, the watch parts 
are washed and theft scratch-brushed. Th^ wire brushes 
employed also come from Nuremberg* and are made of 
brass wires as fine as hair. As these wires are very stiff 
and* springy, they will, when cut, bend and turn in every 
direction, and no work can be done with them. It is 
tlircfore# absolutely necessary to anneal them more or dess 
upoi> an even? fire. An • intelligent worker has .always 
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three scratch-brushes annealed to different degrees: one 
which is7w// soft, or haif annealed, for the first,; operation 
of uncovering the grain; one harder, or little annealed, for 
bringing up lustre; and on Q.very soft, or fully annealed, 
used before gilding for removing the erasures which may 
have been made by the preceding tool, and fer scratch- 
brushing after the gilding. Of course the scratch-brush - 
ing operation, hike the graining proper, must be dpne by 
striking circles, and giving a rotary motion between the 
fingers to the tool. The cork is also now and then made 
to revolve. After a good scratoh-bryshing, fhe grain, seen 
through a magnifier, should be regular, homogeneous, and 
with an equal lustre all over. Decoctions of liquorice, 

saponaire, or Panama wood are employed in this operation.” 

* 

1 MANUFACTURE OF GUNPOWDER. 

t This important explosive substance is essentially a 
mechanical mixture of 'saltpetre, or nitre, charcoal, and 
sulphur, and its explosiveness depends, upon the purity of 
the materials used, the proportions in which they are com¬ 
bined, apd the perfectness with which ..the mechanical mix¬ 
ture has been effected. 

1 The nitre is first purified by rccrystallizat.ion. Equal 
parts by weight of crude nitre ^ind. boiling water are 
placed in a suitable vessel, and well stirred until the salt 
is dissolved. The solution is then filtered, and set aside 
to cool gradually, Avhen after a time about three-fourths 
of the* nitre will have deposited in the form of crystals. 
The “mother-liquor” will retain any impurities with 
which the exude article may have been contaminated, 
while the crystals of nitre*will be nearly pure. A farther 
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crystallization, however, is necessary, and this is accom¬ 
plished by redissolving the crystals in about 'two-thirds 
their weight of boiling water. On cooling, a crystalline 
mass is obtained which is sufficiently pure for practical pur¬ 
poses. In some gunpowder manufactories the nitre is 
subjected to repeated re-dissolution and crystallization, by 
which an almost chemically pure article is obtained. 

Most of the nitre received in this coutftry is imported 
from India, but a description of its manufacture in France 
will be interesting, since it illustrates the old saying, 
“Necessity is the mother of invention/’ and also shows 
how greatly Art is dependent upon science *\vhen the 
demands upon her resourties exceed lier power of supply. 

“ About the period of 17&I and 1795, under £he pressure 
of the first wars of their Kevolution, the French chemists 
employed by the Government contrived an expeditious 
economical, and sufficiently f effective mode of purifying 
their nitre. It must be observed that this salt, as*"brought 
to the gtcsjpowder-'works in France, is in <Jenerrfl a much 
cruder article than *tli£t imported into this country from 
India. It is extracted from the nitrous salts contained in 
the mortar-rubbish of old buildings, especially those of the 
lowest and filthiest descriptions. By their former methods, 
the French could not refine their nitre in less time than eight 
or ten days ? and tfie |ftlt was obtained in great lumps, very 
difficult to dry and divide; whereas the neW process was 
so easy and so quick that in less than twenty-four hours, at 
one period of pressure, the crude saltpetre was converted 
into a pure salt, brought to perfect dryness, and in such a 
state of extreme division as to supersede the operations of 
grinding Und sifting, whence also considerable waste was 
avqjdfcd. ‘ ’ 
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“ The .following is a ^rief outline of this method, with 
certain improvements, as now practised in the' establish¬ 
ment of the Administration des poudres et salpStres , in 
France:— 

• t 

“The refining boiler is charged overnight with 600 
kilogrammes of water, and 1*200 kilogrammes of saltpetre, 
as delivered by the salpetriers. No more fire is applied 
than is adequate to effect the, solution of this first charge of 
saltpetre. It mhy here be observed that such an article 
contains several deliquescent salts, and is much more 
soluble than pure nitre. On the # * morrow morning the 
fire is increased, and the boiler is charged at different 
intervals with fresh, doses of saltpetre, till the whole 
amounts to 3000 kilogrammes. During these additions 
care is taken to stir the liquid very diligently, and to ski in 
i ff the froth as it rises. When it has been for some time 
in ebullition, and when it may be presumed that the solu¬ 
tion of Che nitrous salts is effected, the muriate of soda is 
scooped Qut ftom the bottom of the boiler, jpid certain 
affusions or inspersions of cold wflttef are made into the 
pot to quicken the precipitation of that portion which the 
boiling motion may have kept afloat! 1 When no more is 
found to fall, 1 kilogramme of Flanders glue dissolved 
in a sufficient quantity of hot water is poured info the 
boiler; the mixture is thoroughly w6rked together, the 
froth being skimmed off with several successive inspersions 
of cold water till *400 additional kilogrammes have ‘been 
introduced, constituting altogether 1000 kilogrammes. 

“ When the refining liquor affords no more froth, aud is 
grown perfectly clear, all manipulation must ceaSe. The 
fire is withdrawn, with the exception of a mere' kindling, 
so as to maintain the temperature till the ftext morning at 
about 88° Centigrade = 190 - 4° Fahr. , 
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41 This liquor is now transferred by hand-basins into the 
crystallizing reservoirs, taking care to disturb the solution 
as little as possible, and to leave untouched the impure 
matter at the bottom. • 

“ The contents of the long crystallizing cisterns are stirred 
backwards*an^ forwards with Wooden paddles in order to 
quicken the cooling, and the consequent precipitation of 
the nitre in*minute crystals, , These are raked as soon as 
they fall to the upper end of the doubly*inclined bottom 
of the crystallizer, and thence removed to the washing 
chests or boxes. By the incessant agitation of the liquor 
no large crystals of nitre can possibly form. When the tem¬ 
perature has fallen to within T or 8 5 Jfahiv of the apartment 
—that is, after seven or eight lKmrs—all the saltpetre that 
it can yield will have been obtained. By means of the 
double inward slope given to the crystallizer the super¬ 
natant liquid is collected in the middle of the breadth, and 
may be easily laded out. *** 

“The saltpetre is shovelled out! of the <fryst)$lizer into 
the washing-chests,*and heaped up in them so as to stand 
about 6 or 7 inches above their upper edges, in order to 
allow for the‘subsidence which it must experience in the 
washing process. Each of these chests being thus filled, 
and their bottom holes being closed with plugs, the salt is 
besprinkled from *the»rose of a watering-can with succes¬ 
sive quantities of water saturated with saltpetre, and also 
witli pure water, till the liquor, when*allowed to run olf, 
indicates by the hydrometer a saturated solution. The 
water of each sprinkling*ought to remain on the salt for 
t\yo or thjee hours, and then it may be suffered to drain oil 
through the plug-holes below for about an lfour. 

“ All the liquor of drainage from the first watering, aa 
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well as a portion of the second, is set aside, as being con* 
sideTably loaded with the foreign salts of the nitie, in order 
to be evaporated in the sequel with the mother-waters. 
The last portions are preserved because they contain 
almost nothing but nitre, and may therefore serve to wash 
another dose of that salt. It has been proved'by experi¬ 
ence that thb quantity of water employed in washing need 
never exceed thirty-six sprinklings in the whole, composed 
of three waterings, of which the first two consist of fifteen, 
and the last of six pots=3 gallons E.; or, in other words, of 
fifteen sprinklings of water saturated with saltpetre, and 
twenty-one of pure water. 

“ The saltpetre* after remaining five or six days in the 
washing-chests, is transported ,into the drying reservoirs, 
heated by the flue of the nearest boiler; here it is stirred 
i^p from time to time with wooden shovels to prevent its 
adhering to the bottom or running into lumps, as well as 
to quicken the drying process. In the course of about four 
hours it ^ets completely dry, in which state it ^o longer 
sticks to the shovel, but falls down-into a soft powder by 
pressure in the hand, and is perfectly white and pulver¬ 
ulent. It is now passed through a biass sieve to separate 
any small lumps or foreign particles accidentally present, 
hnd is then packed up in bags or barrels. Even in the 
shortest winter days the, drying-hasiti may be twice 
charged, so aa to dry .700 or 800 kilogrammes. Ey this 
operation the net produce of 3000 kilogrammes (3 tons) 
thus refined amounts to from 1750 to 1800 kilogrammes 
of very pure nitre, quite ready for the manufacture of gun¬ 
powder ” (Ure). 

The charcoal employed in gunpowder-makingds nia»u- 
faetured from the lightest viroods/or those which yield a very 
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porous charcoal, easily reduced to powder, au$ which 
leaves the jfeast possible amount of ash when burned in 
•the air. The black alder, poplar, chestnut, lime, willow, 
and the hctrse-chestnut have* all been chosen for their 
respective merits* alder and poplar yielding a most excel¬ 
lent charcoal, for this purpose. • 

In making fflie charcoal, the wood is selected when the 
tree is full of sap; the branches, which should not be more 
than three-quarters of an inch thick, are carefully stripped 
of their bark; these are then placed lengthwise in an iron 
retort, built in hrickwosk, ecf that the furnace fire may play 

equally over the surface of the retort. At one end of the 

* 

retort is a door, and at tlie opposite end a pipe, termin¬ 
ating in a “ worm,” is attached, 'to allow the moisture, 
pyroligneous acid, and other ■ products arising from, the 

destructive distillation of wood to be collected. When all 

• 

the volatile products have passed over, the fire is withdrawn 
and the retort allowed to cool. The charcoal then 
carefully removed, and a fresh charge of ftimber intro¬ 
duced. • • 

Manufacturers of gunpowder are more particular about 
the quality of. their charcoal than the other ingredients, 
since this is more likely to vary in its quality. 

The sulphur employed in gunpowder-making is purified* 
cither by fusion or*distillation. ^ When the former system 
is adopted, the sulphur is*first melted and thgn allowed to 
remahi, closely covered, for some hour*, after which the 
lighter impurities are skimmed off the surface. The 
sulphur is then baled out and put into boxes t</ crys¬ 
tallize. Since sulphur melts at a very low temperature 
(2l&)°.Falm) it may be very readily purified by this means, 
but doubtless the process# of distillation yields a finer 
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article for gunpowder-making. Sulphur is distilled in 
France upon a very extensive scale. * 

Mixing the ingredients. —These are first reduced 
separately to a fine powder by grinding, and are afterwards 
sifted through fine silk sieves. They are then carefully 
mixed together in the proper proportions, ai^d are afterwards 
transferred 1 to the “ mill," in which, with the addition of a 
small quantity of water, they are mixed into Ft proper con¬ 
sistence, or “cfoke,” as it is technically termed. When 
the mass has thus become thoroughly kneaded it is ready 
for the “ corning-house/’ where the? cake is converted into 
grains or “corns.” It is now worked into a hard mass, 
which is afterwards broken up into small lumps. These 
are next placed in perforated copper sieves, on eacli of 
which a disc of hardwood is placed. The sieves are then 
^placed on a frame and subjected to a rapid motion, which 
breaks the lumps into small % grains, which fall through the 
holes ill*the sieves, the grains being afterwards separated 
from the, fin# particles by means of sieves *of suitable 
degrees of fineness. 

The powder is next rendered hard by being put into a 
cask, which is made to revolve. Sometimes bars of metal 
are placed longitudinally within the cask to assist the 
' polishing of the grains. 

The powder is afterwards dried by st&am-heat or hob air. 

The proportions of* the ingredients used in making gun¬ 
powder vary considerably. In some English mills the 
proportions are—Nitre, 75; charcoal, 15; sulphur 10, 
in 100 parts. In France—N'itre, 75; charcoal, 12 5; 
sulphur, 12’5. t In Kussia—Nitre, 73 78; charcoal, lo'pO ; 
sulphur, 12-03. French mining powder—Nitre” 65 ;* char¬ 
coal, 15 ; sulphur, 20 parts in 100. 


I 



SMELTING* OF METALS. • 9lS 

The sporting powder of our English mills is considered 
the best that is manufactured; indeed in all the varieties 
of gunpowder the British manufacturer has maintained a 
high reputation. 

• • 

■ .SMELTING OE METALS. 

Iron. —This most important and useful mefcal exists in 
every part of the globe, in every soil, and in all mineral 
formations. It occurs, in combination with nickel, in 
meteoric ironstones, or meteorolites; combined with sul¬ 
phur, iu iron pyrites. « It is also* found associated with 

arsenic, in arsenical iron; w T ith carbon, as graphite, or plum- 

* 

bago (carburet of iron)'; 'with phosphorus, as phosphate of 
iron ; with sulphuric acid, g,s native sulphate of iron, or 
green copperas. 

Iron also exists in Nature'in combination with muriatic 
acid (muriate of iron), oxalic^acid (oxalate of iron); as a 
black * oxide, in magnetic iron-ore; as a red exlde, in 
hematite, end in combination with many g^thep mineral 
substances. Ure thhs eulogizes this noble metal: “It is 
capable of being cast in moulds of any form; of being 
drawn out into wires t)f any desired length or fineness ; of 
being extended into plates or sheets; of being bent in 
every direction; of being sharpened, hardened, or softened* 
at pleasure. Iron accommodates itself to all our wants, our 
desires, and even our caprices: it is .equally serviceable to 
the arts, the sciences, to agriculture aad war; the same 
ore furnishes the sword, the ploughshare, the scythe, the 
pruning-hook, the needle, the graver, tl>e spring of a J watch 
or of a carjiage, the chisel, the chain, the anchor, the com¬ 
pass, the dhnuon, and the bomb. It is a medicine of much 
virl,U€f, and the*only metal*fricnHly to the human frame.” 
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To this, we may add that it furnishes our vast railway 
system, our ironclads' and mercantile fleet, ’our electric 
lighting apparatus, our sewing-machines, our telegraph 
wires, and our cutlery. • «■ 

Iron has been found, though very rarely; in the pure 
state. Steel-iron has also been discovered in small 
quantities, ^generally in the form of small globules or 
buttons. f ‘ u 

c 

Magnetic iron-ore, or loadstone, is a black oxide of iron. 
It possesses the power of attracting iron and steel, and one 
variety of the ore has two poles, north and south, like the 
artificial magnet, each of which will repel the correspond¬ 
ing poles (north, or south) of the magnetic needle. The 
loadstone or native magnet has the power of imparting 
permanent magnetism to steel. 

Of the numerous ores of iron found in this country, the 
clay ironstone, or carbonate of iron, is chiefly used for 
smelting. It abounds in the coal formations, being placed 
both above aiyl below tne seams of coal. 

The principal sources of iron in England are the coal¬ 
fields of Staffordshire, Gloucestershire, Somersetshire, and 
• Monmouthshire, in Wales. At Merthyr-Tydvil the iron¬ 
stone is very plentiful, and vast quantities of cast iron 
1 are annually produced by the numerous blast-furnaces 
erected in that locality. At Dudley, in Staffordshire, 
the clay ironstone occurs in abundance along with coal, 
limestone (which* is used as a flux), and a peculiar 
clay, which is employed in lining the interior of 
the furnaces. This clay, which is obtained from Stour¬ 
bridge, is much used, owing to its refractory and infusible 
nature, in the manufacture of crucibles for mdlting east 
steel, glass, gold and silver, and’ other metais. 



93 


SMELTING. &F METALS. 

* 

The ironstone of South Wales yields about 33 parts of 
cast iron per*100 parts of the ore. The cast iron produced 
ifi this quarter, however, is seldom sent-into the market 
until it has tyeen converted into, bar iron. 

Formerly, -charcoal made from wood used to be 
employed ill. smelting iron-oi»es, but the subsequent 
employment' of coal for this purpose has entirely super¬ 
seded tke usa of this substance, whereby a r considerable 
saving in the cost of manufacture has been-effected, while 
the production of the metal has been vastly increased. 

The blast-furnuces, as„ they are termed, are constructed 
of brickwork, of a pyramidieal or conical form, and are 
bound by strong iron hoops*arranged at different distances; 
and several of these furnaces, connected with each other, 
are placed in a row. These furnaces are from'30 to,60 
feet high, and are supplied with an inclined railway, which 
extends to a platform fixed in front of the upper orifice of 
the furnaces, and which is used for the conveyaqci: of the 
materials. Waggons filled with lhaterial aye drawn by 
chains or ropes, worked *by steam-power, up this railway 
to the floor of the platform. 

The charge of materials is from 5 to G cwt. of coke, or 
from 3 to 4 cwt. of coal, and 5 or 6 cwt. of roasted ore, 
according to its richness in metal. The limestone, employed 
as a flux, is introduced, in the proportion of about one- 
third of the weight of the roasted ore. „About tl^rty charges 
of material are given in every twelve hovjs, and about two 
“ casts ” are clfected in twenty-four hours. The lower part 
of the furnace, called the hearth , is the point at which the 
molten metal collects. During the process of smelting,blasts 
of air are brought to play upon the interior of £be furnace by 
means of blowing-machines ^worked by a steam-engine. 
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It occupies about fifteen days to get the blast-furnaces in 
regular beat, before the charging of the materials can be 
attempted. The. coke is introduced by basketfuls, about 
thirteen of which go to thectou, the ore and limestone flux 

w 

being brought forward by meaus of ^heet iron barrows. 
About 14J tons of coke, 16 tons- of roasted ore, and 6 J tons 
of limestone are introduced intoeachblast-fArnace in twenty- 


four hours, from this about 7 tons of pig iroci are obtained 
in every twelve hours. The “ pigs ” are about 3 feet long 


and 4 inches in thickness, weighing about 2h cwt. each. 

' O O 


Cast iron is refined, or converted into lyir iron , by three 
different stages of treatment. The cast iron is first melted 
iu a furnace of peculiar construction, and about 9 feet 
square. When fused, 'it t is cooled by a peculiar process, 
when it becomes what is termed white cast iron, or “ fine 


metal,” suitable for making malleable iron. In this process 
the hearth of the furnace is first filled with coke, then six 
pigsf o&cast iron are laid oh horizontally; these are then 
covered •with* coke. The fire is then lighted, and after a 
short time the blast is applied. - Eventually the melted 
iron flows into the if crucible ” of the furnace. When all 


the cast-iron pigs have become fused, the molten metal and 
slag are run out through a tap-hole, at the base of the furnace, 
* into a loam-coated pit beneath. Cold water is then poured 
over the metal to render it brittle.. The metal is now com¬ 
paratively ^hite, and has a fibrous iexture. 

The refined m&tal is next broken up into fragments, and 
is then ready for the process of puddling , which consists in 
agaiir removing the metal to a reverberatory furnace, and 
treating it in a peculiar way. The fragments of refined 
metal are shovelled into the furnace, and pile& upon .each 
other on the sides of thd hearth. The door of the 'furnace 
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is then closed and fuel introduced. When the,thinner 
edges of th$ metal begin to melt, the workman opens a 
small hole in the furnace door, and with a rake detaches 
the melting, metal, and prevents it from running, into a 
fused or strictly molten state. By this treatment the iron 
assumes a pasty consistence, when the heat of the furnace 
is reduced. T1& metal is then worked about with a paddle, 
whentjj; sw^ls up, giving off fumes whicfy burn with a 
blue flame. This operation is continued until the metal 
presents the appearance of fine sandlike granules; The 
heat is then increased,^.nd the particles of metal become 
agglomerated. The workman now takes his paddle,.dips 
it into the pasty mass, ^hen a small portion becomes 
attached to the tool. He contir^uefe to do this until a ball 
of metal has been formed at the end of the p&ddle; this 
he detaches with a rake, and places it iii the hottest part 
of the furnace. This operation is continued until all the 
metal is converted into balls, when the heat of t^r<tfnace 
is raised to enable the particles of metal to t^6onje welded 
together. The hallo are afterwards removed from the 
furnace, when they are either subjected to the action of a 
powerful hammer or rollers. 

There are many processes for the smelting of iron, but 
the outline given will, it is hoped, convey to the -reader * 
some idea of the ration^e of the operation. 

Copper.—The ores’of copper are numerous, ^ery variable 
in their characteristics, and in the percentage of pure 
metal contained in them. Some of the ores are exceed¬ 
ingly‘beautiful, as malachite, or native carbonate of copper; 
emerald malachite, containing oxide of copper, carbonate 
of Ume, si&ca, etc.; copper pyrites, or peacock copper —*so 
named from the* beautiful wiinbdw tints which are observ- 
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able in .some specimens of the ore. Copper-ores abound 
in Siberia, Sweden, Hungary, Cornwall, and other parts of 
the globe. 

Sometimes copper occurs*in the form of sulpliuret, black 
oxide, red oxide, sulphate (blue-vitriol), phosphate, arseni- 
ate, chloride, etc. In Cornwall the copper ocdurs in veins 
in granite hnd greenish clay-slate. It is often associated 
with tin, wliiqh occurs in the veins formed in the rocks. 

Owing to the absence of coal in the county of Corn¬ 
wall, the ore is transmitted to South Wales for smelting 
purposes, and there the operation h conducted on a scale 
of great magnitude. 

The ore is first picked or sorted; the larger lumps are 
then broken with a liammej- and the richer fragments 
separated from the poorer, the latter being crushed and 
t waslied to separate the metaL "The richer lumps are 
broken into small fragments upon an iron slab by means 
of a'suul] hammer called a heater; this reduces the ore 
to pieces, ab'Oat the size of a nut. These fragments are 
collected and sent to the smelters. 1 t 

The ore is first calcined in a reverberatory furnace, the 
object of which is to expel the sulpnur without fusing the 
metal. In charging the calcining furnace, about 3 tons 
* of the ore are generally introduced; fire is then applied, 
which is allowed to increase in vigour up to a certain point 
—that is, asv high a» possible without melting the metal 
itself. To prevekt the fusion of the metal, the ore is 
frequently stirred; and when the calcination is complete, 
the ofe is lowered into an arch beneath the furnace, where 
it is allowed to cool. 

"The mcM/ig process consists in placing the dhlcined ore 
on the hearth of a furnace, when the dobr is closed and 



SMELTING* OF METALS. 9^ 

luted, and h^at applied until the metal fuses. Tim molten 
mass is frequently stirred in order to separate the metal 
•from the scoriae, this being afterwards removed by means 
of a rake. *A second charge of calcined ore is then intro¬ 
duced, and the Operation conducted as before, by which a 
further supply of melted metal is added to the matt , as it 
is called. After several charges the molten meflal generally 
reaches up ho the doorway, when the tap-^ole is opened 
and the metal Hows out and drops into a vwdl or pit filled 
with water, by which means it becomes granulated, or 
separated into small grains. Ln .this state the “ coarse 
metal” contains about 33 per cent, of copper combined 
with iron and sulphur.* . 4 

The next operation is the calcination of the matt, or 
coarse metal, tho object of which is to remove fhe iron by 
oxidation. To accomplish this the matt is again placed ii^ 
a furnace and subjected to considerable heat, but not suffi¬ 
cient to fuse it, and it is frequently stirred tojpsa^tfnt the 
grains from becoming attached to* each otl^5\ about 
twenty-four hours tht? operation is complete. 

The metal is next submitted to a second fusion, a certain 
amount of tho scoria? of the latter operation being added 
to assist the fusion, and the metal is afterwards run into 
water and granulated as before, or is cast into ingots.* 
The metal now contains about GO per cent, of copper. The 
metal is then subjected to repeated calcination^and roasting, 
the object of which latter process is t* oxidize the iron 
and other foreign metals contained in the copper. In 
roasting , the pigs of metal are placed on the hearth*of the 
furnace, and heat applied gradually, in order to favour 
the* oxidation of the metallic impurities. After a wlfile 
the heat is augmented until the metal is fused, when it is 

(r * 



$8 SCIENTIFIC INDUSTRIES EXPLAINED. 

I 

run intq moulds. It is now ready for the refining 
process. o 

In refining the copper, the pigs or ingots are first placed' 
in the furnace, a moderate heat is then given, 'vyhich assists 
in the further oxidation of any foreign inetals remaining 
in the copper, and the temperature is gradually raised 
till perfect* fusion takes place. During the fusion of 
the metal it f is kept well covered with ckarcoa#V until 
it acquires theocharacteristic brightness and redness of 
metallic copper. Samples are taken from the furnace 
repeatedly during the process, and^these are assayed and 
examined to determine the period at which the operation 
is complete. 

After being examined as to its ductility and mallea- 

O w 

bility, the doppcr is cast into ingots, when it is ready for 
the market. When the copper is to be used in the manu¬ 
facture of brass, it is supplied in the granulated form. 

Silvers.found in the metallic state in many parts of the 
earth, bint, mdut abundantly in North and South America. 
It also occurs in the form of chloride 1 , sulphuret, etc.; and 
in combination with gold, antimony, lead, and other metals. 
In England silver is generally found associated with lead 
—sometimes in such small quantities that it scarcely pays 
l to extract it from the ore. 

The metal (silver) is generally extracted from its ores by 
the process amalgamation with mercury , or quicksilver. 
This fluid metal readily dissolves silver and gold, forming 
an amalgam; and being easily volatilized at a moderate 
beat, ifr can be separated from tlie more precious metals by 
distillation. This important fact has been taken advantage 
of'in the separation, of silver from its earthy impurities? 

The treatment of the ore irrMexico is as follows; It is 
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first brokeij into small pieces with hammers; those portions 
which do aot exhibit metallic particles are cast aside, whilst 
the remaining fragments are picked and classified according 
to their apparent richness in metal. These particles are 
then crushed, aifd afterwards reduced to powder sufficiently 
fine for thS .metal to be attacked by the mercury. Water 
being used iif the process of grinding, the resulting mass 
has a» muddy consistence. When the grinding operation 
is complete, the moist ore is put into casks, and a sufficient 
quantity of quicksilver added to amalgamate the particles 
of metal contained ijg the mass. . The casks are made to 
revolve by means of a shaft which passes through their axes. 
The consistence of tlfte paste is of great importance, since 
if it be too thick the globules vf mercury will not be able 
to get at the particles of silver, and if it be too thin, the 
mercury is liable to keep on the bottom of the revolving 
cask instead of diffusing itself freely through the mass. 

Pieces of iron and sea-salt are also introduce rfto the 

cask, the object of which is to ‘convert omtaj.fi metallic 

chlorides present in*the ore into chloride of iron (a soluble 

salt). The mercury takes up or dissolves the silver, gold, 

copper, lead, mid antimony, forming an amalgam, as it is 

called. Towards the end of the operation a certain quantity 

of water is added, the casks are then made to revolvfc 

slowly, whereby Amalgam falls to the bottom. In 

treating 5 tons of roasted and crushed o^, 141 lbs. of 

• 

iron'and 2 lbs. 12 J ounces of mercury »re used. 

The amalgam is afterwards put into wet canvas bags, 
and allowed to stand for «some time in order that*the un¬ 
combined globules of quicksilver may percolate through 
the pore^ of the bags. The bags are theif subjected to 
pressure. The*mercury is* removed or separated from the 
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amalgam by distillation. This fluid metal bei ( ng volatile, 
passes over into a receiver, whilst the metals with which 
it had combined during the revolving process remain 
behind, and are subsequently treated in a furnace. The 
alloy, for such it is* is put into plumbago crucibles and 
subjected to a high heat, whereby any volatile matters 
which it may contain (as arsenic, for exainple) become 
dissipated, and fhe combined silver, gold, copper, eti, are 
collected in the form of a metallic button. 

The alloy is afterwards purified by cupcllation, as it is 
technically called. This.is in reality^ process of oxidation, 
having for its object the conversion of the inferior metals, 
such as copper, lead, tin, etc., into oxides, whereby they are 
more readily separated from gold and silver, while these 
metals, not having so great an affinity for oxygen as the 
former, retain the metallic form. The cupellation-furnace 
of some smelting-works consists of a bed of slag, or oilier 
refracforry^eaterial, above which the “hearth” is placed, 
and this «js Composed of fireclay, bone-asli, and other 
infusible substances. A brickwork- structure, with appro¬ 
priate flues, fireplace, etc., surrounds the hearth, and 
proper openings are left for the admission of hot and,cold 
blasts of air, and for the removal of the oxidized materials 
during the progress of the operation. 

When the charge is introduced, i,he ..alloy is placed on 
the “sole” of 4 the hearth, and the furnace is then heated to 
a certain temperatfsire. A quantity of pure lead is then 
introducad, which, coming in contact with air, readily 
oxidizes, and the oxide of lead, or- litharge , is removed 1’roni 
the surface of the melted metal as fast as it is formed. 
This process i& kept up by well-regulated heat until the whole 
of the lead and the oxidizable metals (copper, tin, lead, etc.) 
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contained jn the alloy have become converted into the 
form of oxide, leaving the silver and gold in combination, 
as a molten mass. This is afterwards allowed to cool, 
when it is removed from the cupel, and is then ready for ' 
further purification by repeated meltings, as before. A 
considerable nortion of the lead becomes vitrified, and is 
absorbed by tne cupel, from which it is afterwards extracted. 

Tfit litharge, or oxide of lead, is reduced to the metallic 
state by heating in a furnace with charcoal. 

The silver may be separated from any gold which may 
be combined vjitli it first granulating the alloy—that is, 
melting it and pouring it into water—and afterwards dis¬ 
solving in nitric acid, t»r.boiling in sjilpfcuric acid. When 
the silver is all dissolved, the gold remains in the form of 
a brown powder at the bottom of the dissolving vessel. 
The silver may he precipitated from its solution by placing 
fragments of copper or zinc in the solution, which readily 
reduce it to the metallic state, though injk 'form of 
minute particles of a grey colour.* If this lffas^be washed 
and dried, and afterwards heated in a crucible in combina¬ 
tion with dried carbonate of potash, the silver soon melts 
into small globules, ^hich finally deposit at the bottom of 
the crucible, where they collect in the form of a bright 
metallic button. The crucible, or “ melting-pot,” is after¬ 
wards allowed to 090^ when the^pot is broken and the silver 
button removed. The silver is again meltec^and the metal 
poured into a mould. • 

The treatment of gold-ore is described at page 35. 

Lead.—There are many ores of lead—the siTiphuret, 
or galena j a compound of sulphur and lead ; minium, or 
njftive red-lead; argentiferous galena , in which the nfetal 
is combined with silver, arSeniate of lead, etc. The greater 
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part of ou.r lead supply comes from Flintshire, (Derbyshire, 
Cornwall, and other parts of Great Britain. ' 

The ore is first selected, or picked, to separate the richer 
metallic particles from the foreign matters which surround 
it. It is then subjected to the process of grinding and 
washing, by which the metal becomes cjeanfsed of its 
earthy impufities. The ore is next roasted in a furnace 
. at a moderate heat; this operation is repeated* at a some¬ 
what higher temperature, and subsequently by two other 
meltings, at each of which the heat of the furnace is 
raised. At one period of the process the«■ mass assumes 
a pasty consistence, by which the non-metallie impu¬ 
rities, slag etc., become separated, And when the heat is 
increased the metal finally* collects at the bottom of the 
furnace in a tolerably pure state. 

, The litharge, or oxide of lead, which is formed during 
the refining process is converted into metallic lead by 
treatment's^ a reverberatory furnace. A layer of coal is 
first placdd oit‘ the hearth of the furnace, and this soon 
becomes ignited by the fire placed bhneath. When this 
burns brightly a mixture of litharge and tine coal is laid 
over the red-hot cinders. The heat of the furnace 
is so regulated as to allow the oxygen of the litharge 
£o lie taken up by the carbon of the burning coal, 
whereby it becomes reduced to meta,llie lead. The metal 
is afterwards ^ruti out by the tap-hole of the furnace, and 
is east in iron vessels. It then represents the pig lea\l of 
commerce, and is very nearly pure. 

Leac£ores containing silver aie treated by cupellation, 
by which the ( lead becomes oxidized, or converted into 
litharge, and '6y this means the silver becomes 'Separated. 
The litharge is afterwards reduced as abovA. 

/ 
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PHOTOGRAPHY. 

* The action of light upon certain salts of silver had long 
been known as a scientific fact before it was turned to 
practical ao#ount* by the more recent researches of modern 
experimentalists. Sir Humphry Davy and Wedgwood 
were the first*to endeavour to apply the discolouring in¬ 
fluence of light upon salts of silver to art, purposes; but 
although they succeeded in obtaining impressions of objects 
upon white paper or white leather saturated with nitrate 
of silver, they were unable to ,/ke.the image by removing 
the salt of silver unacted upon by light. 

Daguerre, who had* long been experimenting in* this 
direction, succeeded, in the # ye&r *1839, in producing and. 
fixing an image upon a silvered plate, and tfhis may he 
considered as the true * basis of the photographic art. 
Daguerre’s process was simply this: A plate of silvered 
copper, highly polished, was exposed to the aq&xnr'of the 
vapour of iodine , which formed a delicate la/fer £>f iodide of 
silver upon its surface. • When this plate was exposed iu a 
camera, and the image reflected upon it, an invisible effect 
was produced, whicfi was afterwards made manifest by 
subjecting the plate to the action of the vapour of mer¬ 
cury. Beautiful as the results obtained by this charming 
process undoubtedly were, the experimentalists in “helio- 
graphy,” or “sun-drawing,” as the art wa§ called, were 
restfess until greater achievements wer« yet accomplished. * 
The multiplication of the photographic impressions was 
the subject of much thought and experiment, ailtl to Mr. 
Fox Talbot’s exertions in this direction the world is largely 
irtdebted*for several ingenious and importamt inventions. 
By dipping paper first in fi solution of iodide of potassium. 
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and afterwards in a solution of nitrate of silver (by which 
a layer of iodide of silver was produced upon,the paper), a 
sensitive surface was obtained, which when exposed in the* 
camera was capable of receiving a latent impression, to be 
afterwards brought out, or developed , by* mes^s of gallic 
acid and nitrate of silver. /The impression thus obtained, 
having the flights and shades reversed, was termed the 
negative, and from this any number of copips coyld be 
obtained upon paper rendered sensitive to the action of 
light. Mr. Fox Talbot for this purpose prepared his paper 
for printing positives, as they were termed, by dipping it first 
in a solution of common salt, and afterwards in a solution 
of nitrate of silver, by which chloride of silver, or “ horn 
silver,” as the ancients termed it, was formed, a salt readily 
acted upon 'by light. 

The great desire, at this period of the photographic art, 
however, was to obtain a more transparent medium than 
papei^or producing the photographic negative, and for¬ 
tius purpJs^Nglass naturally suggested itself. To obtain 
an adhesive film upon ghns which t could be rendered 
sensitive to light, by chemical agents, was the aim of 
those whom we may now term the* early photographers. 
Albumen, or white of egg, to which a little iodide of potas- 
cium was added, was suggested by M. Niepce de Saint- 
Victor, but even this important sug^e^tion failed to meet 
the full requirements,,of the photographer. It was not 
until the lamented Frederic Scott Archer communicated 
his invaluable “ collodion process/' as it is called, to the 
Chemist (a journal with which t{ie author had been con¬ 
nected from its birth) that the photographic art became 
fully developed. Within a few weeks of the tune whan 
Scott .^rcher’s simple yet irivaluable process-became known, 


# 
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photography engrossed the attention of thousands. .Camera- 
makers, opticians, chemists, at home and abroad, availed 
•themselves of the opportunity the newly-developed art pre¬ 
sented for \he supply of apparatus and material Shrewd 
persons with, a f£w pounds at command opened studios for 
portrait-talfip" In every available nook or corner of our 
towns—in yard, in tent, on house-top, and nn field the 
“ professional ” photographer was to be foiyid reaping his 
harvest of sixpences. • 

And this furore was soon extended to every civilized 
part of the glotye. , 

Working more for the k>ve of science than for greed, 
poor Archer gave to the world thaj which should have 
made his fortune. He died & poor man. Telle est la 

vie f 

The art of photography, practically considered, may be 
rendered thus: A solution of pyroxylin (see page 182), 
in ether and alcohol, is impregnated with a sma],l quantity 
of iodide or bromide of potassitLm. This r is*'generally 
known as “ iodized collodion.” When some of this is poured 
upon a clean glass plate (photographic plates are sold for 
this purpose), ^ind the' superfluity returned to the bottle by 
tilting the plate, a film remains upon the glass which is as 
translucent as the glass itself. Now if this plate he dipped* 
into a weak solution o£ nitrate of silver, the iodide of pot¬ 
assium in the film soon unites - with the nitjate of silver, 
forming iodide of silver, a yellow substance readily acted upon 
by light. If a plate be thus prepared, or rendered sensitive 
to the action of light, in a jlark room, and afterwards placed 
in the dark slide of a camera, it is’ in a condition to receive 
the photographic image. The rationale of the process*for 
taking a portrait., for example, is exceedingly simple* The 
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sitter is first loosed —that is, placed in any deseed position 
at a suitable distance from the camera; the photographer 
then proceeds to focus the sitter. To do this he covers' 
the camera with a dark cloth, which he also places over 
his head, to enable him to see with distinctness the re¬ 
flected figure of the sitter* on the ground-glass screen at 
the back of'*the camera. By moving the lens backward 
and forward l?y means of a ( pinion attached'to the* brass 
tubing which supports the lens, the photographer obtains 
the correct focus upon the ground glass. He next places 
the “cap” on the lens, and removes the ground-glass 
focusing screen, and places the dark slide in its place. 
The shutter of the slide is them raised, and the operator, 
after requesting the sitter* to keep perfectly still, removes 
the cap of ttie camera, whereby the reflected form of the 
sitter is thrown upon the sensitive plate. After a few 
seconds’ exposure, the cap is,again placed on the lens, the 
shutter o£*the dark slide closed, and the process of develop¬ 
ing comnte nc&l. This must be conducted in an apartment 
rendered light-tight , if we may sO call it. That is, the 
“ actinic ” or active rays of light must be prevented from 
entering the operating-room by means of yellow calico, or 
yellow glass, placed over the window. 

‘ A remarkable feature in the process is that the impres¬ 
sion of the image is perfectly invisible.' There is no per¬ 
ceptible effect produced upon the film by its exposure in 
'the- camera. The image, as it is termed, has to be brought 
out, or developed, by chemical means. A developing solu¬ 
tion may be made of sulphate of iron (a substance which 
has the power of reducing the silver contained in nitrate 
of 'silver to the metallic state), or pyrogallic acift, with Hie 
addition of a little glacial acetic acid and 'alcohol. When 
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a small quantity of the developing solution is poured upon 
the plate (after exposure in the camera) a remarkable effect 
becomes manifest in a few seconda The latent or invisible 
picture appears upon the surface of the plate—where all 
was blank before*—every line, every item of detail being 
depicted, or*‘.‘ developed,” as it ns technically called, upon 
the delicate film. • 

At this stage of the process # the picture ha$ to be fixed — 
that is to say, those parts of the sensitive film which have 
not been acted upon by the light passing through the lens (as 
the shadows, or •non-reflecting surfaces, for example) have 
to be relieved of the iodide of silver which has not been 
affected by the light. For this purpose & jix 'mg solution 
is made either with cyanide of potassium or hyposulphite 
of soda. Solutions of these substances are powerful sol¬ 
vents of the iodide of silver, but do not readily affect re¬ 
duced—that is, metallic—silver. Therefore, after a photo¬ 
graphic impression has been developed and well washed, 
it is necessary to pour over the plate the fixing*solution, 
which at once remo\bs fcvery trace of the iodide unacted 
upon, thus leaving the picture clear and distinct. After 
v r ell washing,* drying* and varnishing, the operation is 
(omplete, and the portrait may be mounted in a case, or 
'passe-partout, and framed. 

The brief outline given above represents the operation 
of taking an ordinary positive portrait—that# is, a picture 
which the sitter may put in his pocket ft few minutes aiter 
the likeness has been “ taken ” in the camera. As we all 
know, there are countless hundreds—may we hot say 
thousands^?—of itinerant photographers whp visit the sea¬ 
side during the summer season^ the raeecoufte and other 
places of publib resort, who will give you a “ c’recfc paw- 

i 
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trit ” uppn varnished iron (ferrotype ) for the all sum of 
fourpence in less than five minutes! * 

Glass negatives , or pictures from which any number of 
copies may be obtained by the process of photographic 
printing, are 'taken, exactly in the same' waywts positives, 
but the materials employed are of a rather nlore concen¬ 
trated natuio, the object being to obtain a'denser impres¬ 
sion—that is, &. thicker deposit of silver—than is required 
for a direct positive. To accomplish this it is necessary 
(besides employing stronger solutions, etc.) to expose the 
plate for a little longer time in,,the camera, and after 
developing and washing the plate, the picture is intensified 
by the application of additional, reduced silver. For this 
purpose a weak solution of pyrogallic acid is employed, to 
which is aclTled two or three drops of the silver-bath used for 
exciting the plate in the first operation. This mixture is 
poured over the plate, which is then subjected to a gentle 
rocking motion, so as to keep the action uniform. After a 
few moment^, when the plate is held up to the light the 
details of the picture will appear touch more dense or 
opaque than before intensifying or redeveloping. When 
the required density is obtained, the* “ negative ” is washed 
as before, and is then carefully dried and coated with a 
‘ hard white varnish—a solution of amber in chloroform 
being much used for this purpose. , f . 

The process of printing may be thus briefly described: 
' kivsets of paper, specially made for photographic purposes, 
are first coated with albumen (white of egg) to which a 
little dbmmon salt (chloride of ( sodium) or sal-ammoniac 
(chloride of ammonium)' is added. The albumen is pre¬ 
pared by betfting the whites of any given number of eggs 
to a perfect froth. After a feW hours’ repose the albupien 
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subsides in t£e form of a fluid, to which an equal quantity 
of water maytoe added, and to each, ounce of this solution 
df albumen must be added 10 grains of common salt 
(recrystallizQd and purified) or«sal-ammoniac. 

/ The albumen Ablution is placed in a large flat porcelain 
’ dish, and th*e. sheets of paper are laid one by one on the 
surface of the liquid. It is usual to lay on^ corner of 
the paper on the solution, pid then to gradually, but 
promptly, float the entire sheet. Almost immediately after 
the sheet has been laid on the albumen it is removed, hung 
up by two of it^ corner to drain, when a second sheet is 
floated as before, and so on. . When the albumen ceases to 
flow from the paper it i3 placed in a warm room to dry.* 
When required for printing ,i the albumenized paper is 
rendered sensitive to the notion of light by floating it for 
two or three minutes on a solution of nitrate of silver, made 
by dissolving GO grains of nitrate of silver crystals in each 
ounce of distilled water used to make up the 41 sensitizing 
bath.” The paper is then suspended from one turner fly 
means of a black pin*orVoodcn “clip.” A small piece of 
blotting-paper is generally placed on the lower corner of 
the paper to absorb 1;hc last drop of nitrate solution. 
When the paper is dry (which must he effected in a 
dark room) the prepared surface is readily aoted upon by * 
strong light, owing to Jhe formation of chloride of silver by 
the double decomposition of the salt contained in the 
albumen and the nitrate of silver of the Sensitizing bath/*' 
The opeiation of printing—that is, obtaining copies, or 
“positives,” from the glass negative—is as follows: The 
negative isjplaced, film upward, in a “ pressure frame ” made 
for this pui^ose; a piece of prepared paper of proper size* is 
thei\ laid on the* varnished side of the plate, the shutter of 
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the fraipe is then placed over the paper an^i secured by 
proper fastenings. The printing frame is now* inverted, its 
glass side exposed to the light, and in a few moments thb 
edges of the sensitized paper become darkened, and this 
goes on increasing in intensity until tile operator thinks 
proper to examine the picture to ascertain if r tne exposure 
has been sufficient. To do this he unfasfens one-half of 
the shutter (\^liich is hinged at its centre), raises a/corner 
of the picture, and if it is sufficiently printed he withdraws 
it by opening the other half of the shutter, and places 
another piece of sensitized papei;, upon r the negative as 
before. When the required number of proofs have been 
obtained, these are placed in lukewarm water to dissolve 
out the free nitrate of silyer from the paper. When suf¬ 
ficiently w&shcd, the operation of toning is commenced. 

Toning consists in placing the prints, after well washing, 
in a weak solution of chloride of gold, to which is some¬ 
times added a little carbonate of lime to neutralize any free 
acid present. The ptoofs are immersed in the toning- 
bath for a few minutes, when they gradually chango colour, 
from a brick-red to a warm chocolate or purple brown, and 
if allowed to remain for a longcl' period the tone wdll 
almost approach a black colour. It is usual to remove 
' the proofs from the toning-bath when they have acquired 
an agreeable deep brown tone. Af. this stage the pictures 
are removed- from tie bath and placed in a solution of 
‘ Hyposulphite of svoda, which dissolves out the unaltered 
chloride of dicer. This fixing process prevents the light 
from producing any further effect upon the white efr clear 
parts of the prepared paper. In order to prevent the 
pictures from fading it is necessary that every trace of 
hyposulphite of soda be removed or washed out by con- 
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stant changes of water. When the washing has been 
properly effected, the resulting proofs (or positive pictures) 
ure to all intents and purposes permanent if carefully pre¬ 
served froin the action of a humid atmosphere. 

After waging •and drying, the photographic prints are 
trimmed—that is, their rough edges are cleanly and neatly 
removed by means of a sharp knife; they are* then ready 
to be''mounted upon cardboard, after which they are some¬ 
times rolled between two bright steel rollers in a suitable 
machine. 

Although there are ijiany other operations and processes 
involved in the beautiful $rt of photography, it is hoped 
that the slight sketch ^ve have given^ will be deemed 
sufficient by those who do noj desire to pursue it as a 
study. Those of our readers who would wish* to make an 
acquaintance with the art will find some admirable hand¬ 
books on the subject. We may also state that the appa¬ 
ratus, materials, solutions, and all necessary information 
may readily he obtained from scientific instrument-makers 
and photographic chemists. 


MANUFACTURE OF STARCH. 
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Starch consists qf mjnute granules or particles of farina, 
which when examined under the m\proscope are found to 
be either round or oval, according to th^source from wh>h 
they have been obtained. These particles are insoluble in 
cold Vater, but readily soften in hot water, forming-a thick 
pasty mass. 

^Vhcat-starch is made by first sifting* the grain, to 
cleanse it. It is then put into large vessels and covered 
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with wafer. After remaining for some time under the 
influence of moisture, the grain swells and becomes soft¬ 
ened, when it is easily crushed between the fingers. The 
grain is then removed and* placed in clean warm water. 
It is afterwards put into bags and pressed in -a* vessel con¬ 
taining water, by which means the water assumes a milky 
appearance.' 1 The liquor containing the staWi granules is 
transferred to a large vat or cistern, when after some* hours’ 
rest the starch deposits at the bottom of the vessel. The 
clear liquor is then run off and a fresh quantity of liquor 
containing starch granules is run into the cistern, and thus 
a second layer of starch is obtained. This operation is 
continued until a. considerable deptli of starch is deposited. 
It is then repeatedly washed until the last washing water 
is quite clear and colourless. The starch is then purified 
—that is, separated from the gluten, sugar, vegetable 
albumen, etc, by a process pf acdous fermentation which 
sets in, and this assists in bleaching the starch. A slimy 
matter cdttsisting of albumen and gluten rises to the sur¬ 
face of the mass after fermentation, 'And this is carefully 
removed and used as food for pigs, etc. 

The mass at the bottom of the cistern now consists of 
layers of starch of various qualities. Each layer is then 
‘removed and put into a.separate vessel. The starch is 
then again mixed with water, and pissed through line 
sieves; it is then again allowed to deposit, the clear water 

"IT, 

riffr’off, and tlie pitsty mass is put into linen strainers and 
allowed to become nearly dry. The starch is then cut 
into •pieces and dried in a drying-room properly heated by 
stoves. Sometimes the half-dry starch when cut into 
pieces is dried upon half-burned bricks, which bdlng porous, 
absorb much of the moisture with which it is combined. 
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Starch is ^sometimes bleached by means of a sojution of 
chloride ofiitne. 

When dry, starch splits up into prismatic columns of 
a very uniform character. 

Potato-stench ft made by first well washing the potatoes, 
and afterward^ reducing them to a pulpy consistence in a 
rasping-machine. The pulp is next put intcf water, kept 
constantly agitated, and finally the liquor containing the 
starch is run off, passed through a tine* sieve, and the 
granules allowed to deposit as before, when it is treated 
in much the same way«as wheat-starch. 

The delicate substance sailed arrowroot is pure starch 
obtained from the root ®f a plant named Maranta anen- 
dinacra , which grows in Jamaica and various islands in 
the West Tuilies. It is a remarkable fact that while the 
root of this plant furnishes us with a wholesome an^ 
agreeable food, tlie juice of tfco plant is highly poisonous. 
The same observation applies equally to the potato, the 
fruit or seed-vessels of which are exceedingly pfcfsonous. 


ELECTRI.C LIGHTING; ITS APPLIANCES 
AND THEIR USES. 

Although it would be impossible in a work of this 
varied character t® giro more than a faint outline of the 
principles of electric lighting and the apparatus employed 
in its development, the subject is far too interesting at me 
present time, when this system of illumination is rapidly 
gaining ground, to be passed over in silence. 

Magneto-electricity was discovered t by the great 
plfysicist flie late Professor Faraday j* and since this grand 
discovery was nttide known, scientific observers of all nations 
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have devoted much attention to the production^ electricity 
by other means than the ordinary voltaic battery*. Amongst 
the most assiduous and successful experimentalists in this. 
direction is Dr. Werner Siemens, who in 1854 introduced 
his now famous armature, which, from fts compact form, 

" permitted a very high velocity of -rotation in an intense 
magnetic field, giving powerful alternating Currents, which, 
when required^, were commutated into one direction/* 

The next important discovery, due both to the late Sir 
C. Wheatstone and Dr. Siemens, was that of the dynamo- 
electric machine. The .principle of this machine is thus 
described by Dr. Siemens lijmself: “Induced currents 
[of electricity] are directed through'the coils of the electro¬ 
magnets which produce them, increasing their magnetic 
intensity, Vhich in its turn strengthens the induced 
currents, and so on, accumulating by mutual action until 
a limit is reached. . . . When a closed electrical circuit 

i 

is moved in the neighbourhood of a magnetic pole, so 
as to cutfthe lines of' the magnetic force, a current is 
generated in the circuit, the direction of which depends 
upon whether the magnetic pole is N. or S. [north or 
south]; it also depends on the direction of ‘motion of the 
circuit, and, according to the law of Lenz, the current 
'generated is always such £s to oppose the motion of the 
closed circuit. ... t 0 

“The nan\fi (ty/wtAio-electric machine is given to it, 
the electrk current is not induced by a permanent 
magnet , but is accumulated by the mutual action of electro¬ 
magnets and a revolving wire cylinder or armature. It is 
found that as the dynamic force required to ( drive the 
machine increases, scu also does the electric current * if is 

therefore called a dvnamo-electric machine.” k - 

* 
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The electric current is produced in a Siemens*, machine 
by the rotation of coils of insulated copper wire—that 
•is, wire covered by a non-conducting substance, such as 
cotton. These - coils of insulated wire form the armature 
of the machine, «nd they are caused to rotate with great 
velocity by* means of steam-power. Four electro-magnets, 
united in pairs, with curved bars connected to^he soft iron 
cores*£>f tliQ magnets, are secured firmly jp the sides or 
bottom of the cast-iroh frame of the machine. Between 
these large electro-magnets the armature revolves, when 
currents of electricity jire induced, by the remanent mag¬ 
netism in the soft iron baps of the magnets. These, cur¬ 
rents, at first very feebie,,are directed,through the collect¬ 
ing brushes, as they are called, into the electTo-magnetic 
coils, thus strengthening the* magnetism of thd iron bars; 
these in their turn induce a still more powerful current of 
electricity in the revolving armature, or coil of insulated 
copper wire. 

Dr. Siemens says “ the electrifc current thus* becomes 
stronger and stronger, and the armature therefore revolves 
in a magnetic field of the highest intensity, the limit of 
which is governed hf the limit of saturation of the soft 
iron.” By this it is understood that soft iron can only be 
made to absorb, as it were, a qertain amount of electro-" 
magnetism. 

When we reflect that formerly *nany attempts were 
made- to produce the electric light by menus of the gah^fie 
battery, which involved the consumption of a large amount 
of metal and acid, and required a great deal of attention, 
the production of powerful elect rD currents by motive 
power, onl}/ may fairly be considered o*je of the grandest dis¬ 
coveries which have yet emanated frekn the brain of»man. 
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Various as are the contrivances by mea^s of which 
powerful currents of electricity are obtained froai dynamo- 
electric machines set in motion by steam-power, the same 1 
laws govern them all, and, the discovery of these laws 
entitle their respective discoverers to ‘the, profoundest 
admiration for the zeal and perseverance by which only 
their noble results were obtained. 1 

Amongst the many forms of dynamo-clectvic machines 
which have becsn introduced and successfully adopted for 
the purposes of illumination, besides that of Dr. Siemens, 
we may mention the Gramme machine, which furnishes 
the light on the Thames Embankment and Waterloo 
JSridge; the IIrush, adopted at South Kensington Museum, 
the Great Eastern ihiihvay, and a vast number of factories 
and important buildings in this country, and in the United 
States; and the Wilde machine, which has for some years 
past been adopted by her Majesty’s navy. 

The electric lamp, or iryulator, is one of the most ini port- 
ant features of the electric-lighting system; and indeed 
the success or failure of the new luminary depends greatly 
upon the perfection of this delicate, piece of mechanism. 
The general principle upon which 'all electric lamps are 
constructed may be summarized in a few words. When 
■'the electric current leavps the machine in which it is 
generated it is conducted by copper vfives to the electric 
lamp, in whiph two leng pieces of carbon* are so arranged 
they may approach each other with or without 
absolute contact. These carbons are kept at a certain 
distance from each other by melius of clockwork, or’other 

t ■ 

* These carbon points are frequently made from an in captation which 
forms in the interior of gr/*retort,s; but there have lately appeared slnno 
excellent specimens wind: have been artificially manufactured. 

t 
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suitable contrivance, the object being to keep the?positive 
and negative'points mdving towards each other at the same 
rate of speed at which the carbons are consumed. The 
positive carbon burns away m<5re rapidly than the negative, 
consequently* the former requires to move somewhat 
quicker than Uie latter. In some forms of electric lamp 
the negative carbon is made a fixture, whilst *tlie positive 
is made to \nove slowly and regularly i» the direction 
of the negative as fast as the consumption of carbon 
necessitates. 


In the JablochkofT handle, as it'is called (and which is 
adopted on the Thames Embankment), the two carbons are 
placed side by side, instead of being opposite each other as 
in most other systems, with an intervening layer of plaster 
of Paris or China clay (kaolin). The pair of carbons are 
connected at the top by a small piece of carbon, but with 
this exception, they are insulated by the layer of China 
clay. When acted upon by the elgctric current, the insu¬ 
lating medium consumes with the carbons, the aluminium 
contained in the kaolin becomes dissipated, whilst the silica 
fuses and falls down iqto the socket of the lamp. 

In the Bru&i svstem a new form of dynamo-electric 
machine is introduced, as also a lamp of simple construe- > 
tion. The light produced by this system is exceedingly 
steady and devoid of cftlbur—unlike the Jablochkoff candle, 
which, frequently gives a rose-coloured light*and is liabhj. 
to flicker. 


Th$ Siemens’ regulator is an exceedingly perfect piece 
of mechanism, and in coinfection with his dynamo-electric 
machine i% capable of yielding a.powerful and^ steady light. 
ThS Siemens’ system lias be$n adaptedVm board some of the 
leading transatlantic steamers ; in the tbrarv of the British 
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Museum^ at the Victoria Extension Docks, and in a vast 
number of large manufactories at home and abroad. 

Now that the Electric Light has passed through all the 
stages of trial necessary to establish its practicability as the 
light of the future, and with unquestionable success, there 
is reason to believe that in a very moderate space of time 
this means of illumination will be widely extended. Indeed 
if it were not for the time necessarily involved in the con¬ 
struction of the'large number of machines and regulators 
already required for lighting factories, railway stations, and 
other important structures, it is probable greater evidence 
of the progress of the new light would be manifested. It is 
only a question of time, however;and a very few years may 
enable us to see all our principal thoroughfares lighted by 
electricity, as well as the chief public buildings. As gas 
v r as destined, some sixty years ago ; to take the place of the 
old oil-lamp, so we may fairly expect that electricity will 
.supplant gas as a luminant. When we consider the 
danger to Which we are always exposed by the employment 
of that highly inflammable substance known as coal-gas, 
and the terrible nature of the explosions winch have from 
time to time been caused by its ignition in the presence of 
atmospheric air, it becomes a duty to give every possible 
encouragement to the adaption of a less dangerous but far 
more effective illuminating medium. r ln a sanitar) point 
of view, moFcover, tKe electric light has every advantage 
ov&t the noxious, &nd indeed poisonous, coal-gas. Again, 
the rays from an electric lamp, giving a pure white,light, 
enable us 1o behold even the most delicate shades or tints 
of colour as perfectly/as in the brightest light of^day. 

. i ; * 
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MANUFACTURE OF ALUM. 


The ordinary alum of the shops is a sulphate of alumina 
and potash! *It was first made in this country, during the 
reign of (Jue^n Elizabeth, by Thomas Challoner. The 
principal alum* works are in Glasgow 7 , Yorkshire, Newcastle- 
011-Tytie, anti Manchester. # * 

There are many methods of preparing alum from the 
native ores (schistose clays, aluminous shale, alum-stone, 
etc.). The natural jm-occss, as it? is called, consists in 
placing the ore in large heaps, which arc moistened with 
water, when it gradualfy becomes hot* ami finally falls to a^ 
powder. If the ore does not become reduced to a powdery 
state by this means, it is calcined by being’‘mixed with 
small coal and burned at a low heat. The heap is then 
covered with a layer of calcined or exhausted ore to pro¬ 
tect the mass from wind and rain. -After a while, and 
when the mass has become cool, it is agaid 'sprinkled 
with water. *It afterwards assumes a porous condition, 
when the atmosphere is allowed to act freely upon it for 
some time. The action of moisture and air, which occupies 
from three to twelve months, renders the insoluble con¬ 
stituents of the ore soluble in water. The mass is then' 


placed in large cisterns and mixed with water, the clear 
liquor being run into a stone cistetn heaWL by a rever¬ 
beratory furnace, where it become# concentrated* r f>y 


evaporation. The liquor is then placed in coolers. After 
a while a green salt (sulphate of iron, or copperas) crystallizes 
at the bqJ,tom of the vessel. The imother^iquor (sulphate 
of' alumina) is then run off ipto another cistern, and a 
saturated solution of chloride of potassium, or sulphate of 



I 


/ 

120 SCIENTIFIC INDUSTRIES EXPLAINED. 

( 

< , 

potash, added until it ceases to produce a milky precipitate, 
which is alum in the form of very tine crystals.' ‘When suffi¬ 
cient salt of potash has been added, the whole is allowed to 
repose until the deposition of the minute alun? crystals is 
complete. The mother-liquor is drawn bff as ■’before, and 
the crystals are well drained to free them fyoiri the super¬ 
natant liquor. They are then washed 'with a small 
quantity of wafpr, which is drained off as before, the opera¬ 
tion being repeated with fresh cold water, and this again 
drained off. 

The drained crystals are next dissolved in hot water and 
boiled in a leaden copper, and the clear liquor afterwards 
pumped or run off. into large' c'asks, when the alum 
crystallizes round the intorfor of these vessels. The hoops 
which hind the staves of the casks are removed at the end 
of about ten days, when the alum is found in the form 
of a crystalline mass corresponding in form and size to 
the interior of the cask in which the crystallization was 
effected. l The uncrystallized salt is afterwards removed 

t 

from the interior of the mass by’puhehing several small 
holes near the bottom, when the mother-liquor flows out, 
and is collected for further evaporation and crystallization. 

The alum crystals, when thoroughly drained, are then 
broken up and packed in casks, when they form the 
ordinary alum of commerce. » , • * 

The artificial pi'oeess of alum manufacture consists in 
"trUaiing aluminous* clay with oil of vitriol, by which a 
solution of sulphate of alumina is obtained, and to this 
is afterwards added chloride of potassium, sulphate of 
potash, and (soiiietimeb) sulphate of ammonia. 

In carrying out tl/e “artificial” process, certain cltfys 
are selected which do) not contain oxide of irbn, or carbonate 
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of lime. China clay is frequently used for this .purpose. 
The clay first calcined at a moderate heat, great care 
being taken to qvoid too high a temperature, which, by 
hardening the clay, would render it impracticable in the 
after treatment. * When properly calcined the clay is 
powdered and gifted, and is then treated with about half 
its weight of ^ilphuric acid in a stone or brickwork basin, 
with furnace fire so arranged^that the beat* plays equally 
over the surface of the liquor. This operation is kept up 
for several days, when the mass is removed and set aside 
for a few week& in order that the acid may have time to 
act freely upon the alumina. At the end of some six or 
eight weeks the sulphafe of alumina formed is washed, out, 
and the solution evaporated, after which the salt of potash", 
or ammonia, is added. When the latter ifc used, the 
resulting alum is calledammonia alum,” whereas the 
former is known as ‘ potash alum.” 

Homan alum, or lioche alum, is a native salt, of a slightly 
reddish colour, imported from Civita VeccMa. It is 
frequently imitated, J in 'colour, by tinting ordinary alum 
with Venetian red or other colouring matter. 

In the arts alum is employed very extensively, especially 
in the operations of dyeing, in which it is used as a 
mordant. When solutions of soda and alum are mixed, 1 
a delicate gelatinous* precipitate is formed, which when 
filtered, washed, and dried forms a beautiful white powder 
—hydrate of alumina. This forms the basis of <»balt 
blue, lake pigments, and many other delicate colours. 
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CHLORIDE OF LIME, OR BLEACHING 

POWDER. 

This useful disinfectant Und bleaching agent is very 
easily prepared, f A quantity of recently^slaked lime 
(hydrate of lime) is placed-in a'suitable vessel, and a 
stream of chlorine gas passed through it until the, lime 
ceases to absouib the gas. A, retort ( is charged with" oxide 
of manganese, Sulphuric acid and salt, or hydrochloric 
acid, when chlorine gas becomes freely disengaged. The 
gas is passed through water, and conveyed -by leaden pipes 
to a chamber in which are arranged shelves, having each 
- a quantity of slaked* linje placed upon them. When the 
lime has absorbed as muff'll chlorine as it is capable of 
doing, it is carefully removed and placed in casks for sale.- 
paring the operation it is usual, when a really good article 
is required, to stir the lime frequently so as to expose 
fresh surfaces to the action of the gas. It is also usual, in 
the manufacture of bleaching powder, to keep the materials 
at a rather low temperature, so as lo prevent the escape of 
the absorbed chlorine. / 

* 

Chloride of lime is much used as a bleaching agent for 
textile fabrics, and also for whitening the materials with 
"which inferior papers are made. As a disinfectant and 
deodoriser, chloride of lime may he considered one of the 

most effective agents,'if not the most powerful, known. 

. < 

PHOSPHORUS. 

, t 

This remarkable siupstance is manufactured, or\ the large 
scale, from bones. The bqnes are first calcined, and the 
ashes are then reduced to powder by grinding. The bone- 
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ash is first tftixed up into a paste with water; oil of vitriol 
is then added gradually, with constant stirring. After 
some hours the mass is diluted with water, and heated in 
a leaden veesel until it loses its granular appearance; it is 
afterwards ^placed in a cask and treated with a large quan¬ 
tity of cold water. The clear liquor is next run off and 
boiled until a white deposit of sulphate of liftie is formed 
abundantly J this is then set aside until «old, when the 
clear water is again run off, and this is afterwards evapor¬ 
ated to a syrupy consistence. Dried powdered charcoal is 
then added and the mass dried in an iron pot at a heat 
below redness. It is then well covered up and allowed to 
cool. * , • • 

When quite cold the dijed* mass is placed JLa-nsfone 
retorts, carefully luted, and moderate heat applied. A 
tube is connected to the beak of the retort, which js 
allowed to dip into lukewarm*water. The impure product 
which distils over is afterwards,, purified by pressing it 
through chamois leather under warm water. 1 It is then 
malted under water and cast in moulds, which are gener¬ 
ally glass tubes. Tljese tubes are then placed in cold 
water until the phosphorus becomes solid, when it is 
pushed or dropped out of the tubes into bottles containing 
cold water. • 

In describing tilt n*nftiufactu$e of this interesting element¬ 
ary substance, Ure says:— * • 

“ The heat of the furnace should bp iftost slowly raTSetl at 
first, but afterwards equably maintained in a state # of bright 
ignition. After three or four hours <jf steady firing, carbonic 
acid andL^ulpliuric acid gases arc Ivolved.in considerable 
aSuiidauee, provided the materials haS not been well drie*d in 
the iron pot; tlien sulphuretted hydrlgen makes its appear- 
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ance, an<J next phosphuretted hydrogen, which last should 
continue during the whole of the distillation. . . . The firing 
should he regulated by the escape of this remarkable gas, 
which ought to be at the rate of about two bubbles per second. 
If the discharge comes to be intercepted, it is to ne ascribed 
either to the temperature being tob low, or to the retort 
getting cracked; and if upon raising the heat' sufficiently no 
bubbles appear it is a proof tjiat the apparatus' has become 
defective, and that it is needless to continue the operation. 

“We may infer that the process approaches its conclu¬ 
sion by the increasing siowness with which* the gas is dis¬ 
engaged under a powerful heat; and when it ceases to 
^come over we nujy cease firing, taking care to prevent 
red a v of water into the retart” (and consequent explosion), 
“ from condensation of its gaseous contents, by admitting 
air into it through a recurved glass tube, or through the 
tube of the copper adapter. ., . . The usual period of the 
operation, upon the arcat scale, is from twenty-four to 
thirty hotiifc” 

The principal use of pliosphorufe is' in the manufacture 
of lueffer matches. 


MANUFACTURE OF GLASS. 

< 

It is supposed by some that the invention of glass was 
purely accidental, and indeed there is every probability 
llistt each was its Origin. Pliny states that a merchant 
vessel laden with crude soda ( natron, as it was called) being 
driven upon a sea-coast in tempestuous weather, the crew 
were compelled* to coi.'k their meals ashore; they placed 
lumps of natron uponrtlic $and as supports for their cook¬ 
ing utensils, and afterwards were surprised to discover 
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masses of solid transparent stone among the embers. The 
vitreous metes* was glass. 

• The manufacture of window-glass was first commenced 
in England in the year 1557, in Crutched Friars, London. 
The first specimens ©f blown glass were made in Lambeth 

in -1G73. • ' 

• • 

Glass is essentially a compound of silica (sand or flint), 
soda,*or potash, and lime, or some metallic oxide, as oxide 
of lead, for instance. When silica and soda, or potash, are 
fused together in certain proportions the resulting sub¬ 
stance is called soluble glass, from tlje fact that it is soluble 
in water. All other kinds % of glass are hard, brittle, gen¬ 
erally transparent, and*perfectly uuagted upon by water, 
unless an excess of either alkalijue present. 

Bottle-glass was formerly made from teoapinakcrs’ 
waste (the insoluble refuse of kelp, or crude soda) and 
river-sand. It is now manufactured from vellow sand, 
kelp, wood-ashes, pale clay, and “cullet,” (broken glass); 
or from pale sand, lixiviated—that’s, washed—Wtfod-ashes, 
pearl-ash, common stflt, white arsenic, and charcoal. This 
makes a pale-green glass. Yellow bottle-glass is made by 
the addition of a little "black oxide of manganese. 

Broad glass, or spread window-glass, is made from 
white sand, dried sulphate of sqda (Glauber’s salt), pow¬ 
dered charcoal, cMllttf,, and peroxide of manganese; or 
white sand, potash, common salt., peroxide qf manganese, 
and pale cullet. This represents tlie«ordinary wiadoW- 
glass of commerce. 

Crbwn glass is made /rom fines! white sand "purified 
potash, white arsenic, lime, and ox%le oP^fianganese; or 
pure sancf,*dry sulphate of soda, qmjklimc, afid powdered 
charcoal. 1 ’ i • 
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Crystal glass is prepared from the finest Lynn sand, 
calcined, sifted and washed, oxide of lead, refined pearl-ash, 
nitre, arsenious acid, and peroxide of manganese. 

Optical glass is manufactured from the purest quartz, 
red-lead (minium), purified potash, and purified nitre. 

Plate glass is made from the -finest white sand, diied 
carbonate uf soda, lime, nitre, plate-glass' cullet (broken 
plate glass), peroxide of manganese, and a«little cobalt 
azure. This is ordinary English plate glass. 

In manufacturing glass, certain pots, or crucibles, are 
employed, and these are made of t refractory—that is, in¬ 
fusible—clay, called shale or, slate-clay, found largely in 
the neighbourhood of Stourbridge. This clay is a silicate 
oi^kunina, and will bear ,t,he licat of a very powerful fur- 
nace without undergoing fusion. The clay is first ground 
to a fine powder, and this is afterward kneaded into a thick 
paste. The pots are then fashioned into the required form, 
and are then very carefully dried, after which they are 
annealed ; Us it is termed, at a red heat, for four or five 
clays. They are then set in tlieii proper position in the 
fire, and this requires to be dtine with great caution owing 
to the intense heat of the furnace. .Referring to the opera¬ 
tion of removing faulty pots and replacing them by new 
•ones, Dr. Ure says, “ It is, frightful to witness the eyes and 
fuming visages of the workmen, w.it<h the blackening and 
smoking of tfyeir scorched woollen clothes, exposed so long 
to tlif, direct radiations of the flame. A light mask and 
sack dress, coated with tinfoil, would protect both their 
faces afld persons from any annoyance, at a cheap rate.” 
These feeling ouservaJjions, and the concluding happy sug¬ 
gestion, are alike wo/jiy of the late eminent chemist 1 . 1 
Glass-houses are generally constructed of a conical form, 
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ranging from 60 to 100 feet in height, and from j50 to 80 
feet in diaifteto at the base. The furnace is built in the 
centre of the area, above an arched gallery extending 
across the whole building, through its walls, each aperture 
being fitted* ^ith folding doors. The centre of this vaulted 
aroh is left*open, and ie covered over by the grate-bars of 
the furnace. Surrounding the furnace is a platform con¬ 
structed with. firebrick, upon which the ppts are placed. 
These are removed, as*occasion requires, through holes in 
the walls of the building; the materials are also shovelled 
in through thes$ apertiyres. 

In describing the operation of bottle-glass making, Ure 
says, “It is hardly possible to convey in words alone 
coirect idea of the inanipulatiqps necessary to the 
tion of a wine-bottle; but as the manufacturers make no 
mystery of this matter, any person may have an oppor¬ 
tunity of inspecting the operation. Six people are em¬ 
ployed at this task. One, called a gatherer, dips the end 
of an iron tube, about 5 feet long, previously ma\l£ red-hot, 
into the pot of meltdd metal, turns the rod round so as to 
surround it with glass, lifts it out to cool a little, and then 
dips and turns it round again; and so in succession till a 
ball is formed on its end sufficient to make the required 
bottle. He then hands it to tjie blower, who rolls the* 
plastic lump of glags qu a smooth stone, or cast-iron plate, 
till he brings it to the very end of the tybe; he next 
introduces the pear-shaped ball into an«open brass o^cast- 
iron mould, shuts this together by pressing a pedal with 
his fobt, and holding this tyibe vertically, bhrvvs llfrough it 
so as to expand the cooling glass ^nto form of the 
mould. Whenever lie takes his fooi^from thte pedal-lecer 
the mould spoutaneously opens out »*ito two halves, and 
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falls asunder by its bottom hinge. He then lifts the 
bottle up at the end of the rod, and transfers it to the 
finisher, who, touching the glass tube at the end of the 
pipe with a cold iron, cracks, off the bottle smoothly at its 
mouth-ling. The finished bottles are immediately piled 
up on the hot annealing arch, where they, are afterwards 
allowed to oool slowly for twenty-four hourt at least” 

In making ^British sheet ^ glass, the materials are first 
converted into what is technically^ called a frit —that is, 
into a powdery condition, and not fused. This operation 
occupies many hours, and is conducted in,a reverberatory 
furnace, with constant stirring (to prevent fusion), with 
long-handled rakes and shovels, a The frit is then removed 
bynneans of shovels to the. melting-pots, and is again sub¬ 
jected to beat until fusion takes place. When in the 
proper condition, the metal , as it is termed, is lifted out of 
the pots by iron tubes, blown into j years, which are then 
elongated into cylinders. These are then cracked the whole 
length of due side by passing a cold iron, previously dipped 
in water, on the surface. The cylinders are then opened 
out into the form of sheets. A spreading furnace is em¬ 
ployed for converting the cylinders into flattened sheets or 
plates, and the heat lias to be so regulated as to soften the 
*“ metal” without meltinqgit. 

O 

Glass plates are formed by first Jdowing the metal into 
an oblong cylinder, of the length required for each sheet 
or pUte, and of a 1 ' diameter proportioned to the required 
width of the extended plate. A hole is then made in the 
extreme end of the r cylinder,- .or pear; this opening is 
afterwards extended /by means of a pair of spring tongs, 
the glass being tunijfti upon its axis during tlie operation : 
by this means the ^pening at the end of the cylinder be- 
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comes widened. The blown end of the cylinder is next 
cracked offj find the glass turned to the fire to be again 
Softened, after which its narrow end is widened like the 
opposite end, whereby the cylinder becomes equalized j it 
is then either cratked down its side by an iron rod dipped 
in‘cold water ^r is divided by shears. It is then placed 
upon a copperplate, heated, and spread out flat, after which 
it is annealed. 4 

Flint glass is produced from the finest Lynn sand, 
calcined, sifted, and washed. Red-lead or litharge, and 
pearl ash form the •third ingredient, while nitre is 
employed as a fourth to* decompose any combustible 
matter that may accidentally b£ present. The potastj^ 
must always be purified b§foie being employeiJja^^ne 
manufacture of this beautiful glass. Arsenic and man¬ 
ganese are sometimes introduced, in small quantities 
to purify the colour and ii*crease the transparency of 
the glass. Manganese is only psed in minute quanti¬ 
ties, otherwise it imparts a purple tint; and if an 
excess of arsenic is used, the glass is apt to become 
opalescent. 

It is usual, in making flint glass, to mix with the 
ingredients a certain amount of broken glass of the same 
quality. The mixture is put into the pots by means of a 
shovel, and when it ^jfccomes .melted a further supply is 
added, and so on until the *pot is quite full* When the 
melting is complete, the floating impunities are skiThmed 
off, apd the mouth of the pot is then closed. Flint glass 
requires at least forty-eight'hours’hefting jyp the furnace to 
completei-J^e process of vitrification. '♦When upon examina¬ 
tion tlie glass appears clear and free -from air-bubbles, the 
heat of the fire is somewhat reduced i^i order that thfi glass 
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may settle. When required to be worked, the* temperature 
of the metal is slightly raised. ' ' 

Coloured glass is produced by adding to it, while itl 
a melted state, certain metallic oxides. For example, oxide 
of cobalt yields a blue colour; black oxide of popper, green; 
oxide of manganese, an amvthyst tint; oxidq of iron, brown; 
suboxide of copper, ruby-red; oxide of gold; purple; oxide 
of tin, white; ( oxide of silver, yellow. Sometimes*’ these 
colouring materials are placed in 'a thin layer upon the 
surface of the glass object, and heat applied until the 
coloured compound fuses. H 

Glass vessels in which the* inner surface is colourless 
N and the externa] prominences- Coloured, are made by 
dippiiior the blowpipe-rod (employed in glass-blowing) first 
into a pot bf melted colourless glass, which is then blown 
into a bulb of the required size, and when this has cooled 
a little, it is dipped into the coloured glass for an instant. 
The respective layers of glass become attached without 
blending* # When the article is fashioned to the required 
form, it is cut to a depth sufficient to lay bare the colour¬ 
less stratum beneath. Designs of any pattern may thus 
be formed, in which the external facets will be coloured 
and the rest of the object colourless. Many beautiful 
‘specimens of Bohemian gkss are thus produced. 

Although there are many other important varieties of 
glass, and all of which are highly interesting as regards 
their methods of Manufacture, it is hoped that the little 
insight into this famous industry which we have given will 
induce the reader, should he desire a further knowledge 
of the art, to refer t<|t more elaborate treatises^ upon the 
subject. 
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^ OXALIO AOID. 

This acid is found in Nature both in the vegetable and 
mineral Jdngdoms. It abounds, in combination with 
potash, in # t}i^ plant known as wood-sorrel Oxalic acid 
may be formed artificially by acting upon starch, sugar, 
woody fibre* etc., with nitric^ acid. There,are many pro¬ 
cesses for manufacturing the acid for commercial purposes 
from which the following may be selected:— 

Potatoes are. reduce j to a pulpy, consistence and-boiled 
for several hours with a small quantity of water in a 
leaden vessel, with the*addition of strong sulphuric .acid, 
which converts the potato fecuH into saccharine (qjv^ugtfty) 
matter. The mass is afterwards filtered trough hair 
sieves or strainers, and the clear liquor evaporated to a. 
certain degree of concentration. Nitric acid is then added, 
which converts the product into oxalic acid. 

Another patent process, and one which is much used, 
consists in treating *wdbdy fibre by fusion with caustic 
alkali, the discovery of which is due to the great French 
chemist Guy-Lussac. Dr. Murray Thomas, of Edinburgh, 
thus describes the process of manufacture: — 

“ 1. Hydrate of soda and hydrate of potassa, mixed 
in the proportion* of«t\vo equivalents of the former to 
one equivalent of the latter, are dissolved, an4 the solution 
evap6rated until of the specific gravity 1 * 35 ; saivdusf Tfe now 
stirred in until a thick paste results. 2. This paste is 
then heated on iron plates; during yfhiclyit is constantly 
stirred; jvater is at first given off, the mass then swells, 
and iflfiammable'gases, hydrogeij and carburetted hydrogen, 
are evolved aloifg with a peculiar aromatic odour. When 
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the temperature has been maintained at 400° for one or 
two hours, this stage of the process is complete; the mass 
has now a dark colour, and contains only 1 to 4 per cent, of 
oxalic acid, and about ‘5 per oent. of formic acid. The bulk, 
therefore, of the mass at this stage consists qf a •substance 
whose nature is not yet known, but* which f is ihteTmediate 
between cellulose and oxalic acid. 3. The next stage 
consists in a pimple extension of the last, in which the 
mass is heated «till quite dry, carfe being taken that no 
charring takes place. It now contains the maximum 
quantity of oxalic acid* 20 to 30 ppr cent., 4. This oxalic 
acid is now combined with both potassa and soda in the 
,grey powder resulting from stage"3. This powder is now 
wtft dtgrl n n a filter with solution of carbonate of soda, which 
seems to h&ve the singular and unexpected power of 
decomposing the oxalate of potassa and converting it into 
oxalate of soda. At all events, it is quite true that all 
traces of potassa are washed out with the solution of 
carbonate of soda. The only explanation that occurs to 
account for this unusual decomposition is that oxalate of 
soda is a more insoluble salt than oxalate of potassa, and 
therefore may be formed by preference. 5. This oxalate 
of soda is now decomposed by boiling milk of lime. 
Oxalate of lime falls as a precipitate, and soda remains in 
solution. This soda is boiled down und again made use of 
with fresh sawdust. This recovery of alkali is also practised 
with^the potassa s&lt t whjch filters through in the last stage. 
6. The oxalate of lime is now decomposed in leaden vessels 
with sulphuric ?<id. e Sulphate*of lime is precipitated, and 
oxalic acid is solution, which is now evaporated, and the 
acid separates in crystals, which now need only td be 
recryktallized to ma|.e them quite pure, and fit the acid for 
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all the purposes for which it is employed.” By this in¬ 
genious process 2 lbs. of sawdust are made to yield 1 lb. 
of oxalic acid. 


CABBOLIO ACID. 

• • 

This popul&r antiseptic is one of the products resulting 
from the destructive distilbtfion of coal. • Crude coal-oil 
is placed in a still, and the product, which passes over at a 
temperature of from 300° to 400“ Fahr., is mixed with a 
hot solution of caustic potash. After a while, a pasty, semi- 
crystalline mass is formed; and this is allowed to repose, 
the clear liquor which rides to th§ surface being afterwards 
poured off. The solid matter i* next agitated^iih a small 
quantity of water, in which it becomes dissolved. This 
solution separates into two products, the heavier of whigh 
contains carbolate of potassa, «a compound of carbolic acid 
and potash. The clear liquor is .next <Iecantc;d ; and the 
denser portion is treated with hydrochloric acid; a solu¬ 
tion of carbolic acid now rises to the surface, which is 
afterwards treated wijbh chloride of calcium, a substance 
having a great affinity fori water. The product is next 
purified by distillation, and is obtained in crystals bjr 
rapid cooling. The crystals are* afterwards dried and kept 
carefully excluded* frStfl the air. 

The ordinary carbolic acid of commerce is«avery impure 
article, chemically speaking, but as a deodorizer anti anti¬ 
septic* it is undoubtedly useful. As a disinfectant, how¬ 
ever, it is questionable whether it JhouH be relied upon. 
It is on^ynng to disguise an offensive odour by one more 

powerful than itself, and. another to destroy the germs 

• • 

* That is, having the power to arrest putrefaction. 
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of an infectious disease. It is more than ptobable that 
chlorine, or hypochlorous acid, disengaged from chloride 
of lime, would be more dependable than carbolic acid. 

DISTILLATION. 

r ■ 

The art of‘manufacturing intoxicating liquors, or spirits, 
consists essentially of four (distinct operations, namely, 
m ashing, cooling? fermenting, and distilling . It appears 
that the art of obtaining alcohol from fermented vegetable 
matter was unknown to c flie ancient* Greekc and Homans, 
and yet they did very well, and sometimes very badly, 

§4 

without it. The discovery of the art of manufacturing 
spirituous Ijnuors seems t 6 have begun in the north of 
Europe, and to have been handed down to the more 
southern parts of the globe by the writings of one Arnoldus 
de Villa Nova, who declared*the ct essence of wine” to be 
“ an emanation of the. Divinity, an element newly re¬ 
vealed to man, but hid from antiquity, because the human 
race were too young to need this beverage, destined to 
revive the energies of modem decrepitude. He further 
imagined that the discovery of this aqua vitcc , as it was 
called, indicated the approaching consummation of all 
things—the end of the wftrld. However much be erred 
as to the value of this remarkable'efestface, he truly pre¬ 
dicted its va$c influence upon humanity, since to both 
civilized and savage .nations it has realized greater ills 
than were threatened in the fabled box of Pandora” (TJre). 

Whisky derjy^s it4 name from usquebaugh, an Irish 
word. The beat, or “rale Irish,” whisky is 171 ?de from 
malted barley, mashed, fermented, and distilled. Inferior 
qualities are made from “raw grain,” with sometimes the 
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addition of *a little malt. Potatoes mashed witty a little 
malt are alio* employed in making inferior whiskies. 

Scotch whisky of the best quality is made from 
malted grain, but “ raw”—that is, unmalted—oats and rye 
are frequently tfsed to produce a cheaper and inferior 
article. . » 

Gin, or gbneva, is manufactured from* com spirit, 
flavoured with either oil of Juniper or oil of turpentine. 
Formerly gin was imported from Holland in the form of 
an agreeable, mellifluous spirit, flavoured with juniper 
berries, from which the name of‘geneva, or gen&vre (the 
French for juniper), .was derived. The word “gin” is a 
corruption of the first syHable of geneva* 

In making English gin a certain quantity of-clean corn 
spirit at proof is taken, and to this is added Notified oil of 
turpentine and culinary salt, dissolved in water. These aye 
well agitated together, and the product placed in a still. 
When in the process of distillatioq>ke faints be^in to rise, 
the operation is stopped. 

In flavouring English*gm many substances are employed, 
as oil of caraway, oil ,of sweet fennel, essence of lemons, 
cardamoms, essential oil of almonds, creosote, cassia, fusel 
oil, crude pyroligneous acid, and many other volatile sub¬ 
stances more or less palatable and pernicious. 

In the admixture bf* certaiq foreign matters, as flavour¬ 
ings, with gin, it would be well if the Government had a 
voice; and even if the distiller wer<j permitted to^lavour 
his gin moderately with aromatic and other matters of a 
comparatively harmless ofoaracter, ttie <J ^ine ” ought to be 
drawn at £his point. It is hardly fair to {he public that 
ignorant and crafty retailprs should be permitted to *add 
anything they please to. their liquors by which thbir cus- 
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tomers iqay be more or less injured in health. 1 “ All spirits 
sold at this establishment are polluted " might be appro¬ 
priately substituted by some unprincipled retailers for the 
well-known label so prominently thrust before, the public 
eye after one or two small prosecutions for adulteration 
had been instituted against* the vendors of rather too dilute 
liquor! <- 1 

Rum of an inferior quality; is made from the fermented 
shimmings of the sugar-boilers, the ‘drainings of sugar-pots 
and hogsheads; or molasses, with the addition of cane juice; 
or wort made by mashiilg the crushed cane. The sweet 
liquor thus obtained is afterwards fermented and the spirit 
obtained by distillation. y '■ 

Jamaica, rum is made by mixing the skimmings of 
the sugar-hohse, molasses, and fresh cane juice, the whole 
bging fermented and subsequently distilled from copper 
stills. The flavouring principles are mostly due to the 
cane juice and the summings of the clarifier. The fer- 
mentation is conducted in very large vessels, and occupies 
from nine to fifteen days. When the fermented wash has 
reached its highest point, it is promptly transferred to the 
stiJl in order to prevent acetification. About 115 gallons 
of proof rum are obtained from 1200 gallons of wash, 
ihree hogsheads of sugar'-yield about 200 gallons of rum. 
Cane juice contains from to 16 *pbr eent. of raw sugar, 
and, like grap*, juice, it readily ferments without the aid of 
yeast. 4 * t 

The art of distillation, as practised in this country,con¬ 
sists first in forcing the mash. * Barley and raw grain, a 3 
oats, rye, wheat, Indian corn, etc., are first ground to a 
meal by millstones. When 40„ bushels of barley and *20 
bushels of oats form one mash, from 600 to 700 gallons of 
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water at 1#0° Fahr. are added. These are worked up in 

the mash-tuft with wooden oars, or, in the larger distilleries 

*by machinery set in motion by steam-power. After a few 

* 

hours about 400 gallons of water at a temperature of 190° 
Fahr. artf added. * 

'The wort is* examined from'time to time, and when it 
has attained *its maximum degree of sweetness (which is 
determinedly a “ saccharompter ”) it is dr%wn off from the 
grains and subjected \o the process of fermentation. A 
certain proportion of yeast is added to the wort, and this 
is generally the best tup “ barm ” # of the London breweries. 
About 1 gallon of y^ast is required for every 2 bushels 
of meal and malt contaltfed in the ma^h. When the fer¬ 
mentation appears to diminish in vigour, fresh yeast is 
added to accelerate the process, which occupies from nine 
to twelve days, or even longer, with considerable augmen¬ 
tation of temperature until after the fourth day. 

When the fermentation is complete, the wort is trans¬ 
ferred to the still, and the spirit carefully run off. While 
distillation is progressihg, the spirit is tested from time to 
time by a hydrometer^, an instrument for measuring the 
density or strength of the spirit. When all the spirit has 
distilled over, the “ spent wash ” is removed. The strongest 
spirit passes over first, and this* is received in one vessel 
while the subsequent runnings, which are weaker in spirit, 
are received in separate vessels. • 

The lower the temperature at wJiiCh the spirit comes 
over k the greater percentage of alcohol it contains, and the 
less quantity of volatile oris will pt|8s*C5^er with it. Very 
strong spirit of wine, as it is called, is obtained by repeated 
rectifications and distillations., # • 

Brandy is obtained .by distillation from the wine of 
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grapes. Like other spirits, it is colourless when first dis¬ 
tilled, but when stored in casks it acquires a yellow tint 
from its action upon the wood of the casks. This consti¬ 
tutes what is called pale brmdy. Burned sugar (caramel) 
is employed to heighten the colour, when it becomes the 
brown brandy of the shops. ■ 4 . * 

Pure brandy is essentially a solution of alcohol in water, 
with small quantities of volatile oil, acetic i acid, ‘acetic 
ether, colouring matter, tannin, etc. * The Trench brandies 
imported into this country do not much resemble the 
article usually imbibed under the title of cau-dc-vie on the 
Continent. Indeed, to suit the vitiated taste of Mons. J. 
Bull it is a comnjon practice to 'add spirit of wine and 
colouring jnatter to brandies “ made up ” specially for that 
gentleman. 'The finest Cognac brandy is obtained by care¬ 
ful distillation from pale white wines. 

British brandy used formerly to be made from spoiled 
wines, wine-dregs, be^-J)ottoms, and other grateful substi¬ 
tutes for The juice of the grape. At the present time 
molasses, spirit, and malt do duty for the above refuse. 
The following formula will give the reader an idea of how 
many interesting materials his glass of brandy-and-water 
is composed, if he be not fortunate enough to obtain the 
genuine Cognac: Finest malt spirit, at proof, 12 gallons; 
water, 5 gallons; crude tartar, or wino-stone, J lb. (pre¬ 
viously dissolved in boiling water, 1 gallon); acetic ether, 
6 fluid*ounces; Fre'nch wine-vinegar, two quarts; French 
plums, bruised, 5 lbs.; sherry wine-bottoms, \ gallon. Mix 
in a fresh-empti^ sherry or French brandy cask, and let 
them stand together for fourteen days (or better, for a 
month), frequently “rummaging up” the liquor with a 
stick;‘next draw over 15 gallons of the ’ mixture from a 
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still furnished with an agitator, put the “ rectified ” spirit 
into a clean fresh-emptied Cognac brandy cask, and add of 
tincture of catechu 1 pint, oak shavings, fresh and clean, 
1 lb,, and spirit colouring (about) } pint. Agitate occa¬ 
sionally ftn*aiew # day8, and then let it repose for a week, 
whfen it will be fit for use (1). Product, 15 gallons of 

brandy 17° under proof. Age greatly improve* it (Cooley). 

* 

PROTOCHLORIDE AND PERCHLORIDE 

OP TIN. 

• * 

The protoehlorid© of tin is formed by digesting granu¬ 
lated tin in hot hydrochloric aeiji until hydrogen gas, at 
first rapidly evolved, ceases to escape. In order^to obtain 
a neutral solution, an excess of tin must be present in the 
dissolving vessel. For making small quantities of this 
salt, a Florence oil-flask, previously well cleaned, to free 
it from greasy matter, is a very corp-ssflent vessel. When 
the solution is evaporated with care, beautiful needle-like 
crystals are formed. 

Perchloride, or bichloride, of tin is made by dissolving 
grain tin in aqua regia (hydrochloric acid, two parts ; nitric 
acid and water, of each one part, by measure). The tin 
must be added gradually, and *each portion allowed to* 
dissolve before adding more, otherwise the chemical action 
is liable to become violent., and the perchloiiide deposited 
at the bottom of the vessel. , 9 * 

Solutions of perchloride of tin are much used by dyers, 
as mordants, in their operations. * * 
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CHLORIDE OF GOLD. 

Gold is very readily soluble in two parts hydrochloric 
acid, and one part nitric acid (aqua regia). In order to 
obtain the salt as neutral as. possible the following plan 
has been adopted by the atithor in making large quantities 
of chloride of gold for various purposes, and this may be 
practised in a r small scale a t s follows: Take,*Say, half an 
ounce of fine grain gold, and place it in a clean Florence 
oil-fiask. Now pour on a mixture of nitric and hydro¬ 
chloric acids in the * above proportions, but less than % 
sufficient to dissolve the whole, of the gold. The applica¬ 
tion of gentle heat is necessary 'to set up chemical action 
vigorously^ Dense red fumes are given off, which fill the 
interior of the flask : after a while these fumes cease, when, 
provided some gold remains undissolved, the solution is to 
be poured into ail evaporating dish and heated over a sand- 
bath until a dark-re&^emi-fluid mass results. If now the 

evaporating dish be moved round and round so as to cause 

« 

the concentrated solution to spread over a large surface of 
the dish, and the heat kept up, the chloride will eventually 
assume a dense blood-red colour, which on cooling becomes 
solid and crystalline. The heat must not be too great at 
‘ this period, or the gold will become reduced to the metallic 
state. With moderate care a very fine preparation of 
terchloride o£« gold may be thus prepared, which is admir¬ 
ably Suited for plfutpgraphic operations, for making the 
purple of Cassius, and for many other useful purposes. 
Chloride of gol<Vprepared in this way is infinitely more 
active in th^ toning of photographic proofs .than the 
ordinary chloride of gold of commerce, and will do at least 
five times as much work. 



PURPLE pF CAJSS1US, 141 

# 

PURPLE OP OASSIUS. 

* This beautiful pigment is much used in staining glass 
and porcejain a red or purple hue. It requires the 
utmost case 41 its preparation, otherwise failure is certain 
even with'tjiq most skilful manipulators. The pigment 
is prepared by adding to a perfectly neutral solution of 
tercliloride of gold (see p. # 140) protochloride and per- 
chloride of tin. Neither of these salts alone produce the 
required purple precipitate from the solution of gold, but 
when both aj-e employed in -proper proportions the 
important result is Readily obtained. 'One part crystal¬ 
lized protochloride of th*, and two parts crystallized per- 
chloride of tin, added to one part of neutral chloride of 
gold, yield a beautiful purple precipitate called the purple 
of Cassius . When the protochloride of tin is in excess, a 
yellow, blue, or green tint is, obtained, while an excess of 
the perchloride gives a red or violet 

M. Buisson prepares this colour by first dissolving 1 
gramme of pure tin*in*hydrochloric acid, forming a per¬ 
fectly neutral solution. He then dissolves 2 grammes of 
tin in aqua regia (three parts nitric acid to one part 
hydrochloric acid)* and finally 7 grammes of fine grain 
gold in six parts of hydrochloric acid and one part nitric? 
acid, taking care*to* make the solution neutral. This 
solution of gold is afterwards diluted with gboub 3 quarts 
of distilled water. The whole of the Solution of perchlo¬ 
ride of tin is then added, and afterwards the protochloride 
• £ 

is added, drop by drop, until the precipitate acquires the 
desired pqrple tint. The precipitate is tfen repeatedly 
washed and dried at a very geqtle heat. • 
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i GALLIC ACID. 

/ 

This is a crystalline substance obtained indirectly front 
gall-nuts and other vegetable productions which contain 
tannin or tannic acid. It appears, in fact, to Jbc a result 
of the action of the oxygen of the atipos^here upon 
tannin. Dimas’ process for its manufacture is: Pow¬ 
dered nut-galls, moistened with water, are* exposed to 
the action of tng> air, in a warm situation (at a tempera¬ 
ture of 70° or 80° Fahr.) for several months, fresh water 
being added occasionally to make jup for loss by evapora¬ 
tion. The dark-coloured mass which remains at the end 

• ¥L 

of that time is pressed in a clo£h, and the solid matter 
then boiled in a large quantity of water. 

The solution, filtered while still hot, deposits, on cooling, 
crystals of gallic acid. The acid may be purified by re- 
dissolving the crystals and filtering through animal char¬ 
coal, and subsequently re-crystallizing. 

i ( ^ 

FREEZING MIXTURES. 

The production of intense cold without the aid of ice or 
snow is not only an interesting scientific fact, but may be 
'rendered serviceable to .various useful purposes in the 
hottest climates. The following interesting tables were 
compiled by jVIr. Walker as far back as 1808, from actual 
experiments made ky himself. 

In Table III. is given a series of formulae for producing 
extreme bold by chemical agents,alone. 
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TABLE CONSISTING OF FRIGORIFIC MIXTURES, COM¬ 
POSED Of f ICE, WITH CHEMICAL SALTS AND ACIDS. 

I. FRIGORIFIC MIXTURES WITH ICE, 



• 

m MIXTURE^* 


• 


• 

• V 


• 


# 

PARTS. 

Snow, or potinded ice 
Muriate of soda 

2 

■ • 1 


Thermometer, bihks 


Snow, or pounded ice 

i 

• i 

Muriate of soda „ . 

4 

■ 4 

Muriate of ammonia 

S 

Snow, or pounded ice 

. 1. 

Muriate of soda 

1< 

Muiiute of ammonia 

l 

■ i 

Nitrate of potash . 

I 

■ i 


Snow, or pounded ice . 12 

Muriate of soda . 5 

Nitrate of ammonia . 5 


Snow , . „ . * 3 

Diluted sulphuric ticid . 2 


Snow 

Muriatic acid 


Snow 

Diluted nitric acid 



Snftw 

Muriate of limo 


Snow . ... *2 

Crystallized, muriate of lime 3 


Sno^v 
Petash . 


Decree 
or Cold 
pro* 
dtjced. 


To —5° 


•Tp —12“ 


To —18“ 


From + 32° to 


From + 32“ to —27" 


From + 32' J to —30° 


From J+*32° to —10° * 72 


From + 32^ to,—50° 


From + 32° to — 51‘ 
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II. COMBINATIONS OF FRIGORIFIC MIXTURES. 


Mixtureb 


TlICKMOMElRR SjINKB, 


Degree 
ok Cold 
PRO¬ 
DUCED. 


Phosphate of sa^a . 
Nitrate of ammonia 
Diluted nitric acid 


CAJUN. 

5 

3 

4 


Fro»i 0° to —34° 


Phosphate of soda . 
Nitrate of ammonia 
Diluted mixed acids 


From —3D 1 to —50'' 


Snow 

Diluted rntri/: acid 


i Snow 

Diluted sulphu"' 1 ’ acid 
Diluted nitric acid 


From 0 Q to —46° 


From —10“ to —50° 


Snow 

Diluted sulphuric acid 


Fi mu —- 20' to - - 00° 


Snow 

Muriate of lime 


Fioin -t- ‘20 J to -- 18 J 


Snow' 

Muriate of lime 


From - 15 ' to — 68" 

.. t 


Snow .... 1 

Crystallized muriate of l^imo 3 


Fiom —40° to —73“ 


Snow (C 1 

Crystallized muriate of lime . 2 


Snow .... 8 

Diluted Bulphuric acid . 10 


Trom 0° to —66° 


From —68° to —01' 
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IM. •frigorific mixtures without ice. 
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ENAMELLING. 

Enamels, as they are called, consist essentially of a 

6 t 

fusible glass tinted or coloured by metallic oxides. 

In preparing enamels, a frit, or fliu\ is 'first formed by 
submitting h mixture of lead and tin in a crucible to a 
dull red heat. r In a short time a layer of oxide appears 
upon the surface, which must be scraped off as it ac¬ 
cumulates, and preserved for use in the after operations. 
When a sutlicient quantity of thiA calcinr\ as if is termed, 
is obtained, it. is ground to a fine. lxAvder in water, and the 

J i' f J 

■ 

finer particles separated 1 by dot rialiun —that is, the, liquor 
holding the fpmst particles in suspension is poured off and 
set aside to allow the particles to subside 1 . An impalpable 
powder is thus obtained, which is afterwards dried and 
mixed wkfwnic :;gpd and potunh, or sea-sail, in various pro- 
portions* .Four parts of calcine, 4 parts sand, and 1 part 
sea-salt are ordinallly employed, /fibs mixture, is next put 
into a crucible and heated to fusion, when it. forms the 
basis of most enamels, and is termed t\\o frit. 

Or the “frit” maybe made from red-lead, 1G parts; cal¬ 
cined borax, ?> parts; powdered flint glass, 12 parts; pow¬ 
dered flints, 4 parts; mixed and fused for twelve hours 
in a crucible, then poured Onto water, and finally reduced 
to a fine powder. JThis makes a transparent frit, or flux. 

Enamels are cither transparent or opaque, according to 
the nature and proportions of the materials employed. 
An excess of tin' in the formation of the calcine will pro¬ 
duce an opa/pfie enamel, whereas if the oxide of this.metal 
| is present only in small quantity the enamel will bc.trans- 
—arent. 
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Pure wjilfe enamel. —The beauty of this •delicate 
substance depends upon its being absolutely free from any 
shade or tint of colour; it must be a pure dead white. The 
materials employed in making' this enamel must therefore 
be the piiregt obtainable. White enamel may be prepared 
by making a Calcine with 2 parts of tin to 1 of lead, 
calcined as before described. The united oxides of tin 
and lead thus formed are melted with parts of fine 
crystal and a small portion of manganese' the ingredients 
being previously well ground together. After being fused, 
this frit is poured into Water, and h afterwards dried and 
remelted. Soinetnnes^antimoniate of potash is employed 
in making white enamel, in place of the "ox ides of tm.nnd 
lead, by fusion with ordinary, glflss. 

Blue enamel is obtained from the oxide of cobalt, or 
from some salt of that metal. The beautiful azurej ak 
which oxide of cobalt imparts 'to eaiaineb>rflTtI^rs it one of 
the most important, substances employed by enamel 
manufacturer. In piaking this enamel the following 
materials are sometimes employed: White sand, red-lead 
(minium), and nitre, of each 10 parts; oxide of cohalt, 

1 part, more or less, according to the depth of colour re¬ 
quired. White frit, or flux, and oxide of cobalt produce a« 
vivid blue enamel. 

Green enamel.'—i rit or flux, 8 ounces; black oxide of 
copper, J of an ounce ; mixed and fused, yiehf a rich green 

4 ^ ^ , 

enamel. A liner green is however obtained by adding to 
transparent frit a suitable quantity oj qjide of chromium. 
Blue and yellow enamels fused together* produce various 
shades of*g#een, according to the proportions*employed . t 

Oliye enamel may be obtained by uniting blue enamel, 

2 parts; black and yellow enamels, each 1 part. 
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Brown enamel. —Powdered flint, 8 part?; ied-lead, 
16 parts; manganese, 5 parts. 

Purple enamel is obtained by adding to ordinary frit, 
or flux, oxide of gold, purplt* of Cassius (a combination of 
gold and oxide of tin, see p. 141), or peroxide of man¬ 
ganese. ^ 1 

Red enatael. —The frit is combined with the red oxide 
or peroxide of copper, andrif a green or brown colour 
results, charcoal or tallow are added, when the desired 


colour is produced. Oxide of gold, or the purple of Cassius, 
produces various shades of red, of a crimson or purple tint. 
A dark red is produced by adding- to the flux calcined 

* r 

sulphate of iron and peroxide of'Iron. 

Rose-colcnzred enam'el may be formed by mixing 
purple enamel, or its components, 3 parts; frit, or flux, 
Quarts; oxide of silver, or leaf-silver, 1 part. 


» i « 

Violet is formed by blending frit, 0 parts 

red enamel* 3 parts; and purple enamel, 2 parts. 


Yellow enamel. —Frit fused \vjth oxide of lead, to 


which is added a little red oxide of iron (eolcothar). Or 


white oxide of antimony, alum, and'sal-ammoniac, of each 
1 ’part; carbonate of lead, 1 to 3 parts. The ingredients 
' ( are first reduced to a powder, then mixed, and exposed 
to heat sufficient to expel the sal-ammoniac. This 
gives a bright yellow. 


Yellow ciAlmels may be obtained 
metallic fluxes pure« oxide of silver. 


by adding ' to the 
Clouet says that 


when a thin film o£ oxide of silver is spread over the sur¬ 
face of the euame'l to be coloured and exposed to a moder¬ 


ate heat, then* withdrawn, and the film of reduced silver 
on the surface removed, the part beneath will he found 
tinged a line yellow. 
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<■ * 
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Orange enamel. —Red-lead, 12 parts; powdered flint, 
3 parts; red sulphate of iron and oxide of antimony, of 
each 1 part. Mix and calcine, and then reduce to a fine 
powder; lastly, mix with 50 pdrts of flux, and fuse as usual. 

Black Enamel. —Protoxide of iron, 12 parts; oxide 
of cobalt, l*j$rt; mixed and added to an equal weight 
of white flux, and fused as before. Or, according to Clouet, 
a fine black may he obtained^by taking pure clay, 3 parts ; 
protoxide of iron, 1 part. 1 


JEWELLERS’ ROUGE. 


This is a delicate preparation "of the 1 peroxide of iron, 
and is ordinarily made by calciding sulpha*t<<£>f iron (green 
copperas) at a rod heat, by which the sulphuric acid and 
water with which it is combined become expelled, and/Jie 
peroxide of iron which remains is well to remove 

traces of acid, and afterwards elutriated to separate the 


finer partieles, which are then allowed to subside. The 
deposit which results is then strained, dried, and reduced 
to a powder. Another process for making Touge is to 
precipitate a persalt of iron with potash or ammonia, when 
the oxide of iron is thrown down in the form of a hydrated. 


peroxide, which is afterwards washed, dried, and heated 
until its combined tv a ter is expelled; the resulting product 
is of a brown-red colour, and is much used Tor silver and 

t ■ y* • 

gold polishing, for polishing electroplate, glass, etc. 

The following ingenious method of preparing rouge was 
suggested by M. Vogel, Jun., of Munich, and deserves 
reproduction:— > 

“ Irto a solution of sulphate*of iron made with boiling 
water and filtered, pour ti concentrated solution of oxalic 
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acid, until no more yellow precipitate of o$a]ate of pro¬ 
toxide of iron is formed. When the liquid is quite cold, 
and deposits nothing more, the precipitate is washed oira 
cloth with hot water until ‘the washing water no longer 
gives an acid reaction upon blue li'thius^pflper. The 
oxalate is afterwards well draine'd, and ‘heated in. the 
partially dry 1, state on an iron plate or in a boiler qf the 
same metal, o^er a small charcoal-fire or even a spirit- 
lamp. The deedmposition commences at the temperature 
of 392° Fahr., and on raising the temperature a little the 
red oxide of iron is formed, and is found in the finest pos¬ 
sible state. u ' 

“ The rouge thus formed affords the most perfect security 
of the finest <Jby>;sion of tin* product, and may be employed 
with the greatest success in polishing either gold or silver, 
asvl.it has been found invaluable in the polishing of plate- 
glass, diigih^freut^pes, and optical instruments.” 


MANUFACTURE 1 OP INKS. 

Black ink. —Ordinary black ini?is essentially a decoc¬ 
tion of nut-galls, to winch sulphate of iron (green copperas) 
.and gum are subsequently added. Good black ink may 
be made from various formulae, but the following may be 
reckoned amongst the best of them!— ' 

1. Alep] > 0 'galls, bruised, 4 ounces m K soft wafer, 1 quart. 
Macerate for about tec days in a corked bottle with occa¬ 
sional agitation , tijen^add gum-arabic 1J ounce (dissolved 
in a small quantity of water), s and lump sugar \ ounce. 
Mix these ingredients well, and afterwards add powdered 
sulphate of iron \\ ouuce. 1 Agitate occasionally for.a few 
days, when the ink may be decanted or strained for use. 
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2. Alcupo galls, bruised, 12 lbs.; soft jvater, 6 
gallons. Boil for an hour, adding water occasionally to 
make up for loss by evaporation; afterwards strain, and 
again boil, the galls with 4 gallons of water for half an 
hour. Again strtLin the liquor, and boil a third'time with 
3Jr gallons of «vater alid strain*. Mix the several liquors 
thus obtained, and while still hot add sulphate of iron 
4J tbs., and gum-arabic, powdered, 4 lb& Agitate well 
until the latter ingredients are dissolved,«and finally strain 
through calico or a hair sieve. This formula will make 


about 12 gallons of gotd ink. # . 

3. Galls, 4 lbs ; logwood, 2 lbs.; pomegranate seed, 1 lb.; 
wafer, o gallons Iluil ite before^ and strain. When cold 
add to the liquor gum-arabie 1 lb., white sugar J lb., 
dissolved in 3 pints of hot water. * 


4. Boil together galls .0 ounces; sulphate of iron and 
guui-arabie, of each 4 ounces* soft water -Gqmnx^. 


5. Galls, 12 lbs.; green eoppeyas, 5 lbs.; gum Senegal, 
5 lbs.; water, 12 gallons. The galls must be well bruised, 
and boiled for about three hours in three-fourths of the 


quantity of water givun, and to make up for loss by evapora¬ 
tion during the boiling process, additional water must be 
added. This decoction of galls is then to be placed in a 
tub and allowed to settle, when the clear liquor may be 
drawn off and tint dfegs placed upon a strainer. The guin 
is to be dissolved in a small quantity of hotowater, and the 
solution added to the decoction. green copperas is 


also, to he dissolved separately, and the solution added to 
the above. Immediatelytfifter the Jreen copperas is added, 
the chwtcristic blackening occurs, whi^li increases in* 
intensity by the action oC th» air. It is better, however, 
to keep the inl£ carefully excluded from the air by bottling; 
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and althQugh the ink is much paler under sdch circum¬ 
stances, it lias a more permanent effect as a £lain upon 
paper, inasmuch as it makes a deeper impression upon the 
fibre of the paper, which beoomes blacker in a .short time 
after using. It is the practice in some' ink-factories to 
allow the ink to become m6uldy on "the surface, and then 
to decant the clear liquor. This is done to’ prevent the 

t 

ink from becoming mouldy aft/n? it gets into the consumers’ 
hands It is said that a few bruisdd cloves, oil of cloves, 
or other aromatic perfume, will check the tendency to 
mouldiness; a few drops of creosote or carbolic acid dis¬ 
solved in strong vinegar or spirit has .also been suggested. 

Hr. Wollaston’s fonnulft for gocu black ink is :■ Galls, 1 
ounce; sulphate,,of iron, 3 drachms; gum-arabic, J ounce; 
cold water, J 'pint. The whole of these ingredients must 
be placed in a bottle, and well shaken every day for at 
least alllitingM. j 

A very good instantaneous ink, if we may so call it, may 
be made by mixing a little pyrogallic acid and powdered 
green copperas (about equal parts) with a small quantity of 
white sugar, and dissolving in water A little solution of 
gum may he added with advantage. Ink may thus he made 
in a few moments, which flows most freely from the pen, 
giving traces of a rich blue-black. When troubled at one 
time by the shortcomings of his ordinary writing fluid 
during the “ ’watching hour o’ night,” the author solaced 
himself oy improvising an ink as above, the materials for 
which his laboratory fortunately supplied him. 

An important improvement inathe manufacture of black 
inks consists^ rousting the gall-nuts before usuig them, 
whereby a portion of the gallic ,acid contained in the nuts 
becomes converted into iiyrogallig. acid (p. 158), a sub- 
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stance very joluble in water, and which, coming in contact 
# with a solution of sulphate of iron, forms an intense 
blue-black ink which flows well from the pen, and writes 
black at once. In roasting the galls, great care must 
be obsetv^d• that the heat employed is not sufficient to 
volatilize the»pyrogaIlic acid formed, otherwise there will 
occur a wast5 of the principal effective ageit, and a con¬ 
sequent loss in the ultimate,product. * 

Copying ink ma/be made by adding to good black 
ink, sugar-candy, treacle, lump or moist sugar. The fol¬ 
lowing proportion will be found useful: (1) Sugar-candy 
or lump sugar, 1 ounoe; rich black ink, 1 \ pint. (2) Treacle 
or inoist»sugar, 11 ounce*, black ink, l^pint. In each case 
the saccharine substance imjstHie well dissolved in the ink. 

Horticultural or gardener’s ink.-— Take chloride of 
platinum 2 drachms, distilled water 1 pint. Dissolve and 
keep in a stoppered glass bottle. When required for use, 
apply with a clean quill pen to labels unde qf sheet zinc. 
The writing turns bjack almost immediately, and it cannot 
be effaced by washing, consequently it is very useful for 
garden or greenhouse labels, which have to be subjected 
to frequent irrigation or natural moisture. 

Indelible ink. —To good black ink 1 pint, add gradually 
J ounce of lamp-black, previously heated to dull redness 
in a covered crucibld. • This ink resists the action of weak 
acids, chlorine, and dilute alkalies. • 

Incorrodible ink. —Lamp-black and Trussiaif blue, in 
the .proportions to make a deep black colour , m are to be 
ground with boiled linseed oil, to which a little turpentine 
may be* added to render it more limpid. • pr asphaltum 
may.be dissolved in amber varnish, with addition of dil of 
turpentine. l f o this lamp-black is to be added. 
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Indian or China ink.—Lamp-black grohnd into a 
thick paste with a weak solution of potash. Tlie paste is 
afterwards to be diffused through water rendered slightly 
alkaline by pofasli. Pass through a tiller, wash repeatedly, 
and dry. Afterwards again work the dried.mask into a 
paste by means of a strong decoction of t-carrageeu, or 
Irish moss, to which a few drops of essence 'of musk and 
essence of ambergris may be f added. The pasty mass is 
finally moulded into cakes, which 'when dry and hard are 
embellished with Chinese characters and figures. There 
are numerous other processes for making Indian ink, but 
that given above may be considered ( t \ne of the best. ‘The 
Chinese, in making Their ink, din ploy as a medium an 
infusion or decoction of 'certain seeds which yield a 
glutinous transparent mucilage which imparts great 
brilliancy to the colour. 

Blue inks. - Under the title of “ Writing Fluids ” many 
important and elegant preparations have from time to 
time been introduced, some of the most interesting of 
which are given below. 

1. Soluble Prussian blue is dissolved in distilled water 

until the required depth of colour is obtained. Tins forms 
a very beautiful blue ink, but is readily affected by alkalies, 
as potash or soda * 

2. Prussian blue, 6 parts; t oxalio Steid/l part. Triturate 
with a small 41 quantity of water into a smooth paste; 
finally dissolve in sufficient water to make a fluid ink. 

3. The llev. J. II lteade took out a patent many years 
for an ingenious combination which was designed to 

render the ipk proof against the action of either*acids or 
alkalies. Its composition is a anixture of good black ink 
and soluble Prussian blue. “ It* cannot be erased from 
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paper,” sayg the patentee, “by any common method of 

fraudulent; obliteration without the destruction of the 

paper.” This ink writes a greenish-blue colour, which 

eventually turns an intense black. 

*/ 

Coloured inks. —Very pretty inks may be obtained 
by employing strong decoctions of any of the materials 
used in dyeing, with the addition of alum (?r other appro¬ 
priate mofdant, and a little gum. At Idle present time 
purple and other " fancy inks,” if we ftiay so call them, 
are made fioru solutions of aniline colours, a fact which 
the user will readily - reoognisb *\vhen he observes the 
characteristic bronzy appearance of tlie dried ink upon 
the cork of the bottle. * • ’ • 

Green ink may be muljjy ^nade by dissolving verdigris 
in cream of tartar or strong vinegar. * 

Gold ink.- When gold-leaf is ground with honey upon 
a marble slab by the aid ol* a muller, the metal soon be¬ 
comes reduced to an impalpable powdu/, ai;d # it may be 
easily separated fry in ^tlio honey by dissolving the latter 
in hot water. The metal, from its superior gravity, soon 
falls to the bottom o$ the vessel, in the form of gold hrnn~(\ 
A small quantity of this impalpable gold powder mixed 
with gum-water forms a very brilliant gold ink, useful for 
“illuminating” and other ornamental purposes. When 
the mk lias became tlry, it .may be rendered even more 
brilliant by burnishing, a wolf’s tooth belli* recommended 
for'the purpose. • # # 

Marking ink. —This ink, as is well known, js intended 
to produce indelible stains or .markings upon linen and 
otjjier fabrics. Some of the marking inks which appeared iirst 
in the held required the airfare of the liuen to be written 
upon to be first brushed over with a “ preparation,” as it 
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was called, and when this was dry, the indelible irik was 
applied. A marking ink requiring “ no preparation ” next t 
made its appearance, and this at once met with universal 
adoption. This ink may be Tnade as follows: Dissolve J 
ounce of nitrate of silver in f ounce of' di&litfei water. 
Add strong liquid ammonia gradually until tfhe precipitate 
which is at first formed becomes redissolved; then ,add 
strong solution «of gum H drachm, and colour slightly 
with either syrup of buckthorn, sap green, or indigo, 
reduced to powder. When a hot iron is passed over the 
surface written upon, it" at once *turns black, and the 
mucilage (solution of gum) prevents *he ink from spread¬ 
ing beyond the surface traced by fhe pen. ' 

Printing oj^g-rinter’s fhk.—The preparation of this 
important ink may be divided into two parts—first, the 
preparation of a kind of varnish ; and second, the composi¬ 
tion of the ink. The rnnus/i is made by boiling linseed 
or nut oij in an iron voosel capable of bolding sit least 
double the quantity. When it begins to boil the oil is 
kept well stirred with a ladle, and if it does not ignite 
spontaneously, when smoke arises, tlivi workman sets it on 
fire by means of a lighted piece of paper. The pot is soon 


after removed from the fire, and the oil allow ed to burn 
until a sample taken froln the pot and cooled upon a 
palette-knife becomes string)/ as it ‘is ciVlled. A cover is 
then placed ovfcr the vessel to extinguish the flame of the 
burning oil. When, the froth occasioned by the boiling 
has subsided, blacky resin is added in the proportion of 
l lb. to 1 lb. for each quart of the‘boiled oil. The mixture 
is then well stilled until all the resin is dissolved? ljjb- 
of brown soap, cut into slices, is next added gradually,, and 
the Stirling continued until the*-whole ingredients are 
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thoroughly united. To assist the perfect incorporation of 
b the mate^als the pot is again placed on the fire. The 
vessel containing the “ varnish ” is then covered and set 
aside. • 

The m i>ti may be made from powdered Prussian blue 
and indigo,•eftch ounces; mineral lamp-black, 4 lbs.; 

vegetable lamp-black, 3| lbs. These are tft be gradually 
stirred intd the varnish wkile still wari», and the whole 
composition must then either be workdtl up by means of 
a muller and slab, or passed through a grinding-mill. 

Coloured printing inks are made by adding to the 
above varnish, vermilion, cftrmine, yellow chromes, red-lead, 
ultramarine, cobalt blu6, Scheede’s green, burned ochre, 
yellow ochre, sepia, and in faeff any of the colours used in 
ordinary painting. 

Red ink.—Brazil wood, ground, 4 ounces; white-w^ne 
vinegar, hot, 1J pint. PlaceTn a glass or enamelled vessel 
and digest for a day or so; then •simmer gently fpr half an 
hour; finally add alum and gum-arabic, of each, h ounce. 

Or .take of ground Brazil wood 10 ounces, white 
vinegar 10 pints. Put the mixture aside for a few days; 
then simmer gently as before until about, half the liquor 
remains; finally add Itochu alum, 4J ounces. When Ihcsp 
are dissolved the ink should he bottled, when it is ready 
for use. • * 


Sympathetic inks, as they are called, foe fluids which 
lea\^e an invisible impression upon paper when used for 
writing, but which may be rend^rqtl visible .either by 


warming the paper, or by applying some other chemical^ 
substance*to bring out or develop the wiling. One of 


the most striking and beautiful of the sympathetic inks 
may be readily made by dissolving a few grains of chloride 
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of cobalt in water. The solution lias a faint pinkish tint 
which is scarcely visible on paper while moist, i;nd which t 
disappears almost entirely when dry. When the paper 
which lias been written updn by this solution is held 
before the fire for an instant, the writing ztppgurs of a 
pale-blue colour, which vanishes when the 1 paper has 
again become fold. The writing may thus be nlternajely 
caused to appear or become invisible at will. Onion juice 
writes colourless,' but when heated 1 the tracings appear 
vellow. Equal parts of sulphate of copper and sal-am¬ 
moniac dissolved in water also furftish a colourless ink 
which becomes yellow on the* application of heat. A 
dilute solution of galls or pyrogalfic acid form an invisible 
ink which will tr*n black 't/lien a weak solution of sul¬ 
phate of iron ft poured over the paper. A weak solution 
of yellow prussiate of potash turns blue when a dilute 
solution of sulphate of iron is brushed over the invisible 
writing p^ndjiced by the yellow pms^iate A weak solu¬ 
tion of nitrate of silver turns brown when exposed to 
sunlight, and a solution of chloride of gold under similar 
conditions yields a purple colour. 

The invisible or sympathetic ink.', have also been called 
diplomatic inks, from their having been occasionally used 
for secret correspondence. 


* PYROGALLIC ACID. 

c 

This acijl, so much employed in photography, is readily 
obtained by heating in a retort, by means of an oil bath, 
cither gallic a^id or tannic acid. It is important? that.the 
temperature of the oil bath Should not exceed 420° Efl.hr. 
When the proper temperature is attained, crystals of pyro- 
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gallic acicLbepome deposited in the receiver (wliich must 
be kept ccjpl), and. so long as they continue to do so the 
heading process is kept up. 

PyrogaHic acid when pure'appears in the form of white 
erystals*oke\ # cee*ling lightness. It is very soluble in water 

Q # 

(unlike gallic? acid, which is sparingly so). Besides its 
extensive employment as a developing ag6nt in photo¬ 
graphy, a solution of the tvudc arid, mi\%d witli a little 
spirit, is used as a dye*for the hair, to wfhich it imparts a 
brown colour; since, however, it operates in the same way 
upon the skin, its employment hi inexperienced hands 
might not be unattended by unpleasant consequences, 
especially if a drop or two happened to full upon the tip 
of the patient’s most promiueiTt feature N 
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5. Bismuth . 
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Of the above fetfmuke Xu. 5. melts at the lowest tem¬ 
perature, namely, at 1G0° Ealir., or 52° below the boiling- 
poipt of water (212° Fahr.). 


' 4 BLEACHING. 

K 

The whitening, or bleaching, of textile fabrics, or the 
filaments and fibres from which they are made, as wool, 
silk, cotton, flax, etc., is closely connected with the arts of 
dyeing (see p. 164) and calico-printing, inasmuch as the 
latter process cannot be properly effected until the various 
fabrics have been purified and whitened. 

Exposure to Vhe air and sunshine is the oldest system 
known for bleaching yarn and cloth, and though not so 
rapid as the chemical ( methods generally adopted at .the 
present day, has doubtless the advantage of being less 
injurious to the*fibres from which textile fabrics are insure. 

The art of bleaching is believed to have been practised 
botli by the Assyrians and Egyptians at a very remote 
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period ; and the frequent references in Scripture to “white 
linen,” “ fiite linen, white and clean,” and “ white raiment/* 
lead* to the belief that even in Abraham’s time linen was 


subjected to some kind of bleaching process ere it was 
destined ft) be wonq by persons of distinction or of 
superior position. Herodotus speaks of the Babylonians 
wearjng “ white cloaks.” It is probable that fhe blanching , 
or bleaching, action of the ^iir and sunslftne were taken 
advantage of by the ancients, and that this natural system 
of whitening linen \va.s commonly practised by them, as 
indeed it is in cftir own flay, to some'extent. The alternate 
washing and drying Tn the sun is well known to whiten 
unbleached textile fabrics, more Sspeeijflly if the material 
be previously steeped in alkaline solutions, milk of lime, 
ammoniacal liquor, etc. 

Doubtless soap of some kind, with fuller’s earth, potter’s 
(day, marl, and other mineral substances of a like nature, 
were employed by the ancients for Vhitening woollen cloths. 


At the present day pleaching is chiefly effected by 


chemical means, the active agent being 


chlorine obtained 


from a weak solution 'of chloride of lime. The various 


processes through which cotton fabrics have to pass in 
the operation of bleaching may be thus briefly explained:* 
The “ pieces,” which jjre about of) yards long, are tacked 
together endwise, farming a continuous length of from 300 
to 350 yards. The pieces are afterwards singed, or sheared; 
they 'are then crushed into a rope*like form by being 
drawn through an aperture with * porcelain *or glass 
surface. The pieces are tli'en “ bucked,” or bgiled, in milk 
of li*ae (tnfde by mixing about 1 lb. of slaked quicklime 
in 2 gallons of w.ater) for about* twelve hours, after which 
they are rinsed in a washing-machine. 
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The next operation is called "souring/' tliat< f is, placing 
the pieces in a dilute solution of hydrochloric/ acid, after t 
which they are again washed in a machine similar to that 
employed in the above operation. The "bucking," or 
boiling, is now repeated, and continued for about fifteen or. 
sixteen hours, in a solution composed of soda-ash 17 lbs., 
resin 3 lbs., 'and water 50 gallons. After this operation 
the pieces are afgain washed. 1 

The pieces, or “ goods," are next placed in a slate or 
wooden cistern, when they are “ chemicked," as it is 

t 

termed, that is, submitted to the action of u weak solution 
of chloride of lime. After this the cloth is again washed, 
and once more "bucked" for a few hours in a weak 
solution of soda ,<v (inade by dissolving soda crystals 1 lb. 
in 5 gallons of water for every 35 lbs. of cloth). After 
th/s operation the goods are again “ chemicked," and 
washed as before. 


The process of " souring ” in dilute hydrochloric acid 
is next repeated, and the pieces .are. then placed on low 
stools, or "stillages," for several hours, after which they are 
thoroughly washed to remove all tVace of acid. Finally, 
the goods are pressed between rollers, then dried between 
-metal cylinders heated by steam, and are then " dressed/’ 
or stiffened, by means of starch, etc., and afterwards 
" finished” for sale. <• 


In bleaching silk x \t is usual first to steep it in a solution 
of white curd soap, and afterwards boil it in the same 
solution. c It is next nhised repeatedly, a little indig© blue 
being added tp the last rinsing 'water to give the silk an 
opalescent dt pearly appearance. n ■ . 

When silk is required to be absolutely white, that is, 
without tint, the goods, or articles made from it, are 



B REACHING. 


103 


i • 

submitted to the action of sulphur fumes for several hours, 
after wh^h they are repeatedly rinsed in water. The 
white silk of China requires neither “sulphuring” nor 
boiling. *In the process ofldeaching, “raw” silk loses in 

weight ffom' 4 to 5 ounces per lb. 

# • * 

* Wool, before it can be bleached, is subjected to processes 
wlych have the effect of removing certain matters, or 
“ yolk” which would retail the action %f the bleaching 
agent—the fumes of sulphur. The wo*ol is first steeped 


in warm water, after which it is placed in baskets to drain. 

® i I 

It is then weft rinsed,• again drained, and then hung up to 


dry. If the wool is^requfred to be whitened in the fleece, 
or in thfe yarn, it is spread out, or hung up, while* in a 
moist condition, and then submitted So the sulphuring 


process, after which it is rinsed in water'then dried or 


pressed, or placed in a weak solution of soft soap, find 
afterwards well rinsed and dried. 


Woollen fabrics , independentT)f the “ yolk,’•or«greasiness 
which naturally attaches to the wool itself, require to be 
relieved from the oil, dirt and “ dressing ” resulting from 
the process of weaviitg. This is done in the “fulling-mill,” 
where the woollen stuffs are treated with soap and fuller s 
earth, after which they are well washed and scoured, whqn 
they become ready Jbr the dyeing process. 

The process flf “ sulphuring ” is generally conducted 
thus: The woollen goods are suspended By pe^s, or the 
fledee wool spread about the upper part of a room, 
in 4he interior of which severaj ^ast-iron vessels are 
placed containing sulphur, which is afterwards ignited^ 
T1 >q lowSt dodr of the room or chamber is then carefully 
luted with clay, and by *the*following day the bleaching 
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process is 1 complete. The goods are then removed and 
well washed. 

Straw and straw-plait, as also the articles made fr®m 
them, are first steeped in a sblution of caustic Eoda, and 
afterwards submitted to the, action of sulphur fumes. In 
bleaching articles of this kind on a small scale, it is only 
necessary to jilace them in a closely-fitting box, at ;bhe 
bottom of which: a shallow iron tray resting on sand or 
garden mould may be placed. A few red-hot cinders 
being put into the tray and a small piece of brimstone 
laid upon them, the box' is then cai'efully closed, and loft 
for a few hours, when the bleaching etfects of the sulphur 
will become apparent.. It'is hardly necessary to say that 
inhaling the filmed of sulphur ehould be avoided, as they 
are exceedingly irritating to the lungs. 

Reaching with chlorine, or a solution of chloride of 
lime, is extensively adopted for whitening the materials 
used in paper-making. In France chlorine gas is passed 
direct from the generators in which the gas is liberated 
into the cisterns containing the pulp. In England 
a solution of chloride of lime is' used for bleaching 
paper-pulp, but this requires very careful and complete 
washing to remove all trace of the bleaching liquor, other¬ 
wise the fibre acquires a ‘brownish tint when dry, and is 
apt to become rotten in course of time. 

DYEING-. 

1 «■ i 

, The art of dyeing was -clearly known at a very early 
period of the Wdrld’s history, as also was the kiffdted .k v t 
of calico-printing. According to Pliny, t^he Egyptians 
practised the latter art at a very retnote epoch, and indeed 
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it is evicUni that they were acquainted with some chemical 
knowledge of the subject, as will be seen from the follow¬ 
ing extract from Pliny’s writings:— 

“Kobes and white veils are painted in Egypt in a 
wonderful Way.* They are first imbued, not with dyes, but 
with dye-ablbrbing drugs, by which, though they be unal¬ 
tered, yet, when immersed for a little whiki in a caldron 
of the boiling dye-liquor, they are found to become painted. 
Yet, as there is only one colour in*the caldron, it is 
marvellous to see many colours imparted to the robe in 
consequence pf the iftfiuence of the excipient drug. Nor 
can the dye be washed "out. A caldron, which would of 
itself nferely confuse the colours of cloths previously dyed, 
is thus made to impart sevcrjfl. pigmentb from a single dye- 
stuff ,painting as it boils” * 

In the Bible Moses speaks of raiment being dyed })lue 
and purple and scarlet, and* of sheepskin being dyed* red, 
Plutarch in his “ Life of Alexander ” says tlwt J.he Greeks 
found in the .treqpury of the King of Persia “a large 
quantity of purple cloth which was as beautiful as at first, 
though it was 190 years old. The ancient Homans roust 
also have been acquainted with the art of dyeing, for in 
the games of the circus the respective performers were dis- # 
tinguished by various colours,"as green, orange, grey, and 
white. In India tho*art of calico-printing must have been 
known at a very early date, and indeed it^ppears to have 
befcn practised with extraordinary success. # 

Although it is probable that^ qpany of the processes 
employed, by the anciemts in. dyeing and calico-printing 
b#iye be«n lost to us, owing to thfc secrecy which invariably 
enveloped discovery in thos<? early times, the researches of 
modern experimentalists have furnished us with an endless 
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variety of ^processes amply sufficient to meet (the requir- 
ments of the world in our own days. Many substances 
unknown to the ancients have from time to time been 
added to our list of dye-stuffs/ as cochineal, Brafcil wood, 
annatto, quercitron, logwood, etc., and ■ more recently the 
invaluable aniline dyes. Indigo, which the Homans knew 
ouly as' a pigment, is in our time employed as one of t-he 
most important dyeing materials. In the reign of Queen 
Elizabeth, howevef, this very harmless vegetable substance 
was reputed to be “ a dangerous drug/’ and Parliament in 
its blind stupidity and ignorance passed an 4ct forbidding 
its employment! Searchers were engaged to burn both 
indigo and logwood iq every dyehouse in which they were 
to be found. Im Charles Ii.’a reign this barbarous Act 
was repealed. 

Qjyeing is applied to fabrics of cotton, hemp, and flax; 
also to silk and wool; the latter, being animal substances, 
requiring different treatment to those of vegetable origin. 
The stuffs to be dyed are first prepared* by removing from 
them any foreign matters which may adhere to them 
naturally, or may have been imparted to them in the pro¬ 
cess of weaving, as soapy matters, “dressing paste,” dirt from 
weavers’ hands, etc. The process of bleaching (p. 160), to 
which the reader is referred, embodies the cleansing and 
purifying of the various fibres and filamentary substances, 

and the fabrics ‘manufactured from them, and it is therc- 
( < 

fore unnecessary to repeat it in the present sketch. 

The dye^drugs, as they are called, are certain colouring 
matters which, either separately or combined with each 
other, are formed into decoctions or infusions, with the 
addition of other materials to vary or modify the required 
tints or shades of colour. *■ 
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Indigo J^e for cotton and linen goods generally consists 
of a bath prepared with water, indigo, sulphate of iron, 
linqp, and sometimes carbonate of soda. When traces of 
oxide of iron are found to rest upon cloth dyed in a vat 
. thus cdbaposed, it is usual to remove it by steeping the 
cloth in dilute acid * 

In dyeingf silk and wool with indigo, the # bath or vat is 
composed t>f indigo, potash madder and^bran, the latter 
substances answering ihe same purpose as the sulphate of 
iron in the former vat. To secure uniformity in dyeing 
silk and wool in thfc vat, th© pttnost care has- to be 
observed,, the addition o£ indigo and alkali being made 
very cautiously. Sulphate of indigo is also ustjd in 
dyeing silk and wool, but although it fields a very good 
colour, it is not considered so permanent in its character 
as the dye from good commercial indigo, as above 
prepared. • •' 

Logwood, with the addition of verdigris, acetate of 
alumina, and acetate of copper, yields a blue or violet colour 
upon wool or cotton; nut-galls and copperas produce a 
blue-black shade; logwood, galls, and copperas, by well 
boiling and afterwards exposing to the air, also yield a 
black. Prussian blue, with perchloride of iron or tin, yields 
a rich dark blue. Some of the most delicate blue tints, 
possessing great # b&u*ty and brilliancy, are obtained from 
aniline, or coal-tar dyes (p. 3 ). » 

Cochineal, madder, safflower lac-dye, logwood, 

etc., are employed (with chloride of tin as a mordant) in 
producing red dyes. # * * 

^Purplg dyes are generally obtained at jthe present day 
from aniline colours, whereas formerly cudbear or archil 
were employed. 
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The beautiful violet colour known as “ mahye ” is pro¬ 
duced by an aniline or coal-tar colour. 

For producing yellow dyes, quercitron , turmeric, fustic, 
annatto, and French berries are employed. 

Mordanting, as it is termed, is the process of .fixing the 
colours employed in dyeing. The effect which a mordant 
(as acetate o£ alumina, perchloride of tin, perchloride of 
iron, for example) produces i§ to precipitate and render 
insoluble, within the delicate pores of vegetable fibres, the 
colouring matter of the varied dye-stuffs employed. An 
admirable exposition of the principle upon w^iich mordants 
act upon fabrics and dye-stuffs is thu$ given 1 by Ure:— 

“Experience has pro^d that of all the bases, those 
which succeed best-as mordents are alumina, tin, and oxide 
of iron; the first two of which, being naturally white, are 
the only ones which can be employed for preserving to the 
colour its original tint, at least without much variation. But 
whenever the mordant is itself coloured, it will cause the 

p. j 

dye to take a compound colour quite different from its 
own. If, as is usually said, the mordant enters into a real 
chemical union with the stuff to be/lyed, the application 
of the mordant should obviously be made in such, circum¬ 
stances as are known to be most favourable to the com¬ 
bination taking place; and this is the principle of every 
day’s practice in the dyehouse. , 

Q 

“ In order that a combination mav result between two 
bodies, they must not only be in contact, but they must be 
reduced to their ultimate molecules. The mordants that 

t r * 1 

are to be united with stuffs are, as v we have seen, insoluble 
of themselves^ for which reason'their particles r n^ist 
divided by solution in an appropriate vehicle. Now this 
solvent or menstruum will exert in its own favour an 
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affinity foi^e mordant, which will prove to that pxtent an 
obstacle to its attraction for the stuff. Hence we must 
select such* solvents as have a weaker affinity for the mor¬ 
dants than the mordants hawe for the stuffs. Of all the 
.acids Which *cafl be employed to dissolve alumina, for 
example, vinegar is the one which will retain it with least 
energy, for fthich reason the acetate of alumina is now 
generally Substituted for i*lum, because # the acetic acid 
gives up the alumiifci with such readiness that mere 
elevation of temperature is sufficient to effect the separa¬ 
tion of these two substances. Before this substitution of 
the acetate, alum alone wr*? employed; but without know¬ 
ing the-true reason, all* the Fsencli'jlyers preferred, the 
alum of Rome, simply regarding it to b&the purest. It is 
only within these few years that they have understood the 
real grounds of this preference. 

“ The two principal conditions, namely, extreme tenuity 
of particles and liberty of action, being found ;n a mordant, 
its operation is certain. But as the combination to be 
effected is merely the result of a play of affinity between the 
solvent and the stuff te be dyed, a sort of partition must take 
place, proportioned to the mass of the solvent, as well as 
the attractive force. Hence the stuff will retain more of 
the mordant when its solution is more concentrated, tha't 
is, when the base •difrif&ed through it is not so much pro¬ 
tected by a large mass of menstruum, a isict applied to 
very valuable uses by the practical man. On* impreg¬ 
nating in calico-printing, for ‘example, different spots of 
the same web with the same morefant in different degrees 
of w <joncnnfcration, there is obtained in the dfe ; bath a deptlf 
of colour upon these spots intense in proportion ter the 
strength of their various mordants. Thus, with a solution 
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of acetate of alumina in different grades of , 6onsity, and 
with madder, every shade can be produced, from the 
fullest red to the lightest pink; ^nid with acetate of iron 
and madder, every shade from black to pale violet.” 

After the fabric has been subjected to the “ mordanting ” 
process it is hung up in a, room, &nd submitted to the 
continued action of steam and air, which havfe the effect of 
accelerating the* union of the mordant with the "fibre. The 
term “ aging ” is applied to this par$ of the operation. 

Dunging, or cleansing, is an important process con¬ 
nected with dyeing, sipctf by its aiM all lqose and objec¬ 
tionable matters are removed from the cloth which would 
interfere with the operation of dyeing. A bath of cow- 
dung diffused throiigh hot water is prepared, in which the 
cotton goods are immersed. Dunging is applied to remove 
the uncombiued mordant from the cloth, the thickening 
matters (gum and starch) employed in weaving, etc. 

Dyeing is, effected in coM or hot baths, hut more gener¬ 
ally the latter, which not only hastens the operation, but 
also favours uniformity of result. When a cold bath is 
employed, the goods require to be well stirred in the bath 
after first immersion, then removed, wrung or pressed, and 
again dipped, these operations being repeated several times 
in ordeT to ensure a uniform moistening of the fabric. 

In dyeing with aniline colours, the‘dry crystals are first 
dissolved in methylated spirit, or spirit of wine, and small 
quantities of the povO^rful tincture thus formed added to 
warm wat^r. A momentary immersion of silk or wqollen 
articles in this bath will impartia brilliant colour of any 
^required shaded the depth of which may be increased \%y a 
longfer immersion, with the addition, from time to tiipe, of 
a further supply of the liquid colonr. 
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MANUFACTURE OF BLACKING." 

It*is believed that blacking, or some kind of leather 
polish, was known to the ancients, but it was not until the 
neign of fakarhes II. that a compound of this nature was 
introduced iatfl) England from France. The general 
adoption of a polish for boots and shoes in this country 
only dates, however, from about the midcjie of the last 
century. • • 

It is a remarkable fact that England not only produces 
the best quality of slie-blacking,. but also by far the 
greatest- quantity, of amy country in the world. 

The pfincipal ingredfents in* the. manufacture* of 
blacking are bone-black, treacle, oil of Vitriol, sperm oil, 
gum-arabic and vinegar, or sour beer. In mixing these 
substances the following System is adopted: The bone- 
black is put into a stoneware <5r wooden vessel, the sperm 
oil is then added, and these are well triturated, or rubbed 
together; the treacly is # next added gradually, and the 
mass is then well ground or worked up until the oil is 
perfectly “ killed,” as & is termed. It is very important 
at this stage of the operation to ensufe a perfect admixture. 
The oil of vitriol is afterwards diluted with about three 
times its bulk of water, and thi$ is cautiously and grad-* 
ually added to the»abo\fe with constant and brisk stirring. 
The mass after a while is of a uniform pasty consistence, 
when it must he allowed to repose fcy: # several da}*3 } being 
well covered during that time. m m 

The gum is next to be dissolved in the vinegar or sour 
beerj.and «this solution gradually added fo.the above,* 
and the whole well stirred «on<je or twice daily for three 
or four days. If necessary, a further addition of vinegar 
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nmy be,added; and it is considered an advayftage if all tlie 
ingredients, excepting the vitriol, are heated before mixing. 

Having thus briefly shown the rationale of the process 
of mixing the materials used in blacking-making, the 
following formulae will exhibit the proportions' in which 
they are generally compounded:— * 

1. LiquiiJ blacking. —Bone-black (or Ivory-black, as 
it is commoner called), 16 parts; treacle, 12'parts; oil of 
vitriol, 3 partssperm oil, 2 parts; gum-arabic, 1 part; 
vinegar or sour beer, 48 to 50 parts. 

2. Ivory-black, 16 ;. treacle, 8;&il of vitriol, 4; water, 
2; sperm oil, 2 parts; gum, 1“ part*; soft water instead of 
vinegar, 64 parts. , r *. 

3. Finely powfiered ivery-black, 2 lbs.; sperm oil, \ 
pint. Mix v'ell and then add gum-arabic dissolved in 
\ pint of strong vinegar. Incorporate these well together. 
About twenty-four hours after, add of vinegar or sour beer 
3 to 4 pint,?. Stir well at least once a day for a week. 

4. Indiarubber blacking. —Indiarubber in small 
pieces, 18 ounces ; rape oil (hot), 1 gallon : dissolve. Add 
to this solution powdered ivory-black, 60 lbs.; treacle, 
45 lbs.; and mix well. Next add gum-arabic, 1 lb., 
dissolved in 20 gallons of vinegar. These ingredients are 

'incorporated in a paint-mill, after which 12 lbs. of 
sulphuric acid are added and the whole well stirred 
together, and«jhis is repeated daily for about fourteen days. 
3 lbs. ctf gum-arabic,, are next added, and well mixed in, 
and the combined m^ss k stirred for about half an- hour 
each day for fourteen days longer, after which the liquid 
' blacking wi.U*,be ready for bottling. Liquid blacking miay 
be 'made without oil of vitriol by employing vinegar or 
sour beer in its place. « 
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5. Paste backing, which is so extensively used now¬ 
adays, is made by simply omitting the vinegar, sour beer, 
and water employed in the manufacture of liquid blacking. 

Cooley makes the following’ remarks upon the subject 
of blacking* irf Ins Cyclopaedia: “ To produce a first-rate 
artivle of hlaclling. it *is absolutely necessary that the 
ingredients be* of the best quality, and used in the proper 
proportions;* and that the order of their Admixture and 
the general manipulation be conducted,* under ordinary 
circumstances, in the manner described. The proportions 
of the treacle ^nd tlieSof? (the ^nost expensive of the 
ingredients) should not btf stinted, and indeed that, of 
the latter* may be safely increased ii* quantity without 
materially affecting the polish,^and with manifest advan¬ 
tage as far as the softness and durability of the leather to 
which it is applied is concerned. The manipulations, 
required in the manufacture of both paste blacking afid 
liquid blacking are essentially the same; tint difference 
between the two articles, when the same materials are 
used, depending entirely on the quantity of liquid added. 
Thus, as noticed before, by diluting paste blacking with 
water , vinegar, or beer-bottoms, it may be converted into 
liquid blacking of a nearly similar quality; .and, by using 
less fluid matter, the ingredients* of liquid blacking will 
produce 'paste biasicing .* One # thing must, however, be 
observed, and that is that the ivory-black used for liquid 
blacking should he reduced to a niugh finer poweffer than 
for paste blacking ; as, if this is not ajtqnded to, it is apt to 
settle at the bottom, and te be ■with difficulty again diffused 
through*thfc liquid. Persons who object Co.the use of* 
blacking containing oil of vitriol may employ formula 3. 
The vitriol, however, greatly contributes to promote the 
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shining, properties of the blacking, and in sr^aAl quantities, 
or in the proper proportion, is not so injurious to the 
leather as some persons have represented, as it wholly 
unites itself to the lime of the bone-phosphate contained in 
the ivory-black, and is thus neutralized,‘insolu&le sulphate 
of lime and an acid phosphate or superphosphate being 
formed. Itris the latter that gives the acidity to a well- 
made sample*of blacking, and not the sulphuric acid 
originally added* to it. In this wfiy the larger portion of 
the ivory-black is reduced to a state of extremely minute 
division, and with the dther ingredients ijprms a strongly 
adhesive paste, which clings to the ^surface of the leather, 
and is susceptible- of receiving'a high polish by friction 
when in a scarcely dry stafe. This is the reason why 
lamp-black should never be employed for blacking to the 
exclusion of the necessary proportion of bone-black , as it 
lids no earthy base to absorb or neutralize the acid, which 
if left i,n 3 free state would prove very hurtful to the 
leather. Oil of vitriol is now employed in the manufacture 
of all the more celebrated and expensive blackings, and 
that simply because no other substance is known so 
efficient and so little injurious to the leather. In the 
common blackings of Germany hydrochloric acid is often 
used to the entire exclusion of oil of vitriol, but blacking 
so prepared possesses several disadvantages from which 
that of England is free. 

“ We" may here 'farther remark that the blackings of 
different .houses vi^ry considerably in some of their pro¬ 
perties, as also do those of eve» the same maker, by age. 
Some blackings dry off rapidly, and give a vary*.brilliant 
polish with very little labour ;• whilst others take a, Tittle 
longer to dry off, and. somewhat more labour to polish 
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them. Thl M former are best adapted to hasty *ise, and 
when a very brilliant surface is desired; the latter when 
depth of polish, without extreme brilliancy, satisfies the 
wearer. The first best meets the requirements of fashion- 
.able life*; WieHasl those of the middle classes and pedestri¬ 
ans exposed *tfi dirt, mud, and the various vicissitudes of 
travelling anS weather. To the one belong *the blackings 
of Everett,* l)ay & Martin* etc.; to the# other those of 
Warren, Bryant & Janies, and most* of the smaller 
manufacturers, with nearly all the paste blacking of the 
more respectable shops. Time* however, equalizes the 
qualities of these 4wo Classes. Blackings which, are 
crude,- nfloist, and oily, l'ose thes 6 properties, and become 
drier and more brilliant by age. The practice of several 
of the West-end boot and shoe makers is? never to use 
a blacking which they have not had in stock at least a 
twelvemonth.” 

G. Harness blacking is composed of glue, 4 ounces; 
gum-arabic, 3 ounces; dissolved in 3 pints of hot water, 
to which 6 ounces of treacle and 5 ounces of finely-powdered 
ivory-black are added! Those ingredients are to be well 
worked up by trituration over a slow fire, and as the mix¬ 
ture becomes thickened by evaporation, small samples arc 
taken from time to time and sf*t aside to cool; when of 
the proper consistence it is placed in bottles for use. It- 
should bo kept well covered. • 

Water-proof harness blacking may be‘made by 
melting together bee’s-wax, G o^npes; muthm suet, 2 
' ounces; to which add• finely-powdered sugar-candy, G 
ounces^ «oft soap, 2 ounces; lamp-blacJc,» 2J ounces; 
finely-powdered indigo, ourtice. Mix these ingredients 
■well together, keeping the wax and suet in a melted state 
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by gentle heat. Lastly add oil of turpentine, 4^pint. The 
compound should he poured into tins or gallipots. 

Another good recipe for harness blacking is composed of 
bee’s-wax, 1 lb.; soft soap, t5 ounces; ivory-bluck, £ lb.; 
powdered Prussian blue, 1 ounce. These ingiredtents must, 
be well ground together, after which add 0 linseed oil, 2 
ounces; oil ofi turpentine, £ pint. 

VARNISH-MAKING. 

In the preparation ef ‘spirit varnishes an ordinary still 
is used, and this is heated either <by steam or boiling 
water. The resinous matters and alcohol are introduced 

i. 

into the still, in the head of which a stuffing-box is placed 
through which a stirring-rod passes to the bottom of the 
still. When the alcohol distils over, the heat is lowered 
a little, and the distilled spirit returned to the still (except 
when an exoess is employed) in order to keep the varnish 
at a uniform strength. When the resinous matter has 
become thoroughly dissolved, the still is allowed to cool, 
after which the head is removed. * The varnish is then 
passed through a fine silk sieve, the clear solution being 
then placed aside in well-covered vessels to clear. 

Carriage varnish. —Gum sandaracli, £ lb.; pale shellac, 
| lb.; pale resin, J lb.; alcohol, 3 quarts. Dissolve, and 
add Canada bal6am, 1£ lb. Diies very quickly. 

Gilders varnish, -Pale-green lac, dragon’s blood, gam¬ 
boge, and annatto, offe^ch 12| ounces; saffron, 3£ ounces. 
Dissolve each resin separately in 5 pints of alcohol. The 
dragon's blood <and amiatto must be made into* ti'Actpres 
with 1 a like quantity of alcdhol; and portions of these are 
added to the varnish to give the required golden tint 
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Vamisb^ftor gun-barrels.—Shellac, 1J ounoe; dra¬ 
gon’s blood, 3 drachms; rectified spirit of wine, 1 quart. 
This.varnish' is applied to gun-barrels after the process of 
“ browning ” has been accomplished. 

, Japa d tarnish. —Copal or pale amber varnish is thus 
designated, and? is used for japanning tin, papier mache, 
etc. * • 

Lac varnish. —Pale seed, lac or shelJac, 4 ounces; 
alcohol, 1 pint. PyroxiWc spirit, or wood tiaphtha, may be 
substituted for th*e alcohoL 

Lacquer, or polourid lac vafnish, is made by adding 
to rectified spirit, 1 quart*; ground turmeric, 2 ounces. 
After maceration for a week of'so p^ress the tincture 
through a cloth, and add gamboge, 3 drachms. 

White hard varnish.— -Gum sandarach,*5 lbs.; cam¬ 
phor, 2 ounces; powdered glass, 3 lbs.; rectified spirit, 
7 quarts. Treat as for mastic varnish; strain, and add 

1 quart of pure Canada balsam. ■ • • 

Brown hard spirit Y&rnish. —Gum sandarach, 3 lbs.; 

pale shellac, 2 lbs.; alcohol, 2 gallons. After dissolving 
completely, add 1 quart of turpentine varnish. Agitate 
well, and set aside for several weeks, when the clear 
varnish may be decanted. 

Picture varnish.— Pale mastic, 5 lbs.; coarsely pow¬ 
dered glass, 3 lbs.;*rectified ojl of turpentine (lukewarm), 

2 gallons. Place these ingredients in a battle securely 
corked, and agitate well for several hquys. When £he gum 
is thoroughly dissolved, the solution .should be* strained 
through a cloth and allowed to repose for some days. 

Patent* leather varnish. — Boiled lisseed oil, or 
“drying oil,” is the basis nf this varnish, and with the 

* M 
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addition of pale Prussian blue and a little vegetable black, 
forms the varnish of the first coat applied to the prepared 
skins. After the skins have been stretched on a board, 
they are cleansed from ally greasy matter vhich may 
attach to them by means of fuller’s earth moi&iened with 
water. When dry, this first coat is polished with finely 
pounded pumice. A second coating is then laid on, in 
which pure Prussian blue is used instead of the pale blue, 
which contains alumina. The thild coating consists of the 
same materials, with the exception that the linseed oil is 
boiled until it become^ “ stringy ” witfy an. additional 
quantity of pure Prussian blufe and* vegetable black. The 
final coating is like the'third, blit contains in addition & lb. 
of pure dark-coloured Prussian blue and £ lb. of vegetable 
black to each gallon of varnish. Sometimes a little amber 
varnish or oil copal is added. After each coating is 
applied the leather is placed in a stove and heated to 
about 120°'\Fahr., and is then polished with fine pumice as 
before. 


ARTIFICIAL PARQHMENT. 

The remarkable change which cotton fibre undergoes 
when brought in contact with concentrated acids (see 
Gun-cotton, p. 24) has been taken advantage of in the treat¬ 
ment of paper, by which it is made Vj resemble animal 
parchment iiV a remarkable degree. In the preparation 
of artificial parclnnept, unsized paper is immersed for half 
a minutaJn very sf.rpng sulphuric acid, after which, it is 
plunged in a very weak solution of ammonia in water. 

By another process—and one which is 'Extensively 
adopted by Delarue & Company—the paper (unsi 2 #d) is 
plunged for a few seconds in »a mixture composed of 
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sulphuric 3cid diluted with from half to a quarter of its 
bulk with water. 

Shis interesting chemically-prepared parchment is ex¬ 
tensively lised for labels, fob covering pickle-jars, jam- 
•pots, and preserves, and for many other useful purposes. 


ESSENTIAL OILS. # 


These delicate volatile products of the "vegetable kingdom, 
to which we are indebted for the delightful fragrance of 
our flowers, oiy spices* and arorrfatic herbs, and the varied 


perfumes so grateful to 011 !- senses at those periods o£ the 
year whfcn Nature's perfumery IStore* is “closed for the 
season," are obtained from vg-ri&us parts of plants and trees. 


These “ volatile oils," as they are scientifically termed, 


exist in the flowers, leaves, seeds, fruit, bark, roots, and 
wood of nearly all the members of the great vegetable 


family. The term “ essence is frequently* applied to 
alcoholic solutions, $r tinctures, of the essential oils, as 
“ essence of bergamot," “ essence of roses,” etc. 

Essential oils are generally obtained by distillation , the 
fragrant substance being placed in a still with about an 
equal weight of water, and the heat applied by means of a 
steam or water batji, by preference. Sometimes common 
salt is added to #the water-^ath, to enable the water to 


attain a higher temperature than the ordinefty boiling-point 
(212° Fahr.). The vapours which, pass over Consist of 
water impregnated with essential gil, which after settling 
for some time rises to the surface, except in those cases 
wheye Ihff oil is heavier than water. • • 

Seme essential oils, as those of lemons and oranges, are 
obtained by pressure, the rinds of the respective fruits being 
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placed in a powerful press, and the oil collect^as it flows 
from the expressed fruit. The “ London Pharmacopoeia ” 
directs that “the fruit of anise, caraway, and juniper; «the 
flowers of camomile, lavender, and elder; the ’berries of 
allspice; the tops of rosemary; and the entire ‘reoent plants 
of other herbs are to be employed!” “ Pu't - any one -of 
these into am alembic, then pour in as much water as 
will cover it, an«d distil the dil into a large vessel, kept 
cool.” ‘ { ' 

In the distillation of essential oils Chevallier gives the 
following rules: “ Operate upon an; large \ quantities as 
possible; conduct the distillation rapidly; divide the sub¬ 
stances minutely, to facilitate the extrication of" the oil; 
employ only sufficient water'to ^prevent the matteroperated 
upon from burning, and from thus becoming empyreuma; 
employ, when possible, water which has already been dis¬ 
tilled from off the same substances, and has thus become 
saturated.with oil.” " 

Essential oils may be rectified by redistillation, without 
water, at a low temperature. Only about one-half of the 
oil is allowed to pass over, the rentaining portion being 
usually mixed with raw oil to be sold at a lower price. 


ETHER, OR 3CJLPHURIO ETHER. 

This extremely volatile fluid is formed by mixing 
sulphuric acid and alcohol in certain proportions with 
subsequent distillation »of the product. To make ether on 
% small scale, put 2 lbs. of rectified spirit of wine in a glass 
retort placed tufa sand-bath, then pour on 2 lbs. of Sulphuric 
acid. Heat is now to be aj>plifed so that the liquor may 
boil as quickly as possible. The** ether which forms is 
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collected in a well-cooled receiver. Continue 'the heat 
until a heavier fluid begins to pass over, when the ljeat is 
to Tie lowered, and 1 lb. more spirit is then to be poured 
into th§ retort, and the distilTation resumed. The products 
of these rwo distillations are then to be mixed together, 
arid the sup^natant liquid poured off; to this is now added 
1 ounce of^dried carbonate of potash, with odbasional agita^ 
tion, for an hour. Lastly, "distil the ethSr from a larger 
retort, and preserve it m a well-stoppere'd bottle. 

In preparing ether % at the Apothecaries’ Hall, a leaden 
still, with a peAvter held, and connected by a tin pipe about 
6 feet long with a powerful worm condenser, is employed. 
This is surrounded by a constant stream of ice-cold water. 
This, again, is connected with pewter receivers furnished 
with glass lids. The still Is heated by a coil of lead pipe 
supplied with liigh-pressure, steam, and the alcohol, is 
supplied to the acid, as required, by means of a small pipe 
entering the upper part of the still. * • 

Ether is an exce&lingly inflammable and volatile spirit, 
possessing many important and useful attributes. While 
evaporating, it produces intense cold, a few drops poured 
upon the back of the hand, at the same spot , creating a 
sensation of painful coldness. Ether has frequently been 
employed in the preparation of artificial ice. One of the 
most important ^ises of ether is iii the manufacture of 
“ collodion” (a solution of pyroxylin jn ether and alcohol); 
it i5 also employed as a solvent of nadiarubber and some 
resifis. Before the discovery of chloroform the vapour of 
ether was employed as 'an ancBsthetir, froju its power qjf 
producing insensibility to pain. Chloroform, however, 
lias ’almost entirely superseded its employment for this 
purpose. 
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This is a solution of pyroxylin, or soluble gun-cotton, 
in ether and alcohol. It may be prepared from /various 
formulas, from which the following has been Elected as 
being the most simple : Take sulphuric acid and strdng 
nitric acid, of each 10 fluid ounces; mix, and place in a 
porcelain capsule or ordinary teacup. Place the vessel on 
another vessel containing boiling \$ater. Now take small 
tufts of cotton wool, well pulled out, and immerse them, 
one after another, stirrtog with a gl&ss rod hi effect perfect 
uniformity of action., It is best not r to immerse too large 
a quantity of cottov' at one time, otherwise some parts of 
the fibre may be less protected* from the action of the acid. 
The time of immersion required varies from ten to fifteen 
minutes. When the action is complete the pyroxylin is 

i 

to be removed by means of the glass rod, and with it 
gently pressed against the sides of the vessel; it is then to 
he promptly thrown into a large * quantity of cold water 
and well stirred. It is next to be placed in fresh cold 
water, and again well washed, the washing process to be 
repeated until all trace of acid is removed; this is readily 
ascertained by dipping a strip of blue litmus-paper in the 
water for a few minutes, when if the ^test-paper does not 
turn red the washing may be considered complete. The 
cotton is now to be \yrung out in a clean linen cloth, and 
the. fibres pulled out $ ot is then to be dried by gentle heal. 
Being more or less explosive, it is important that the cotton 
should not be dried too near a Art. 

When dryj the pyroxylin may be preserved fh St dean 
■well-stoppered bottle, or dissolved for f making plain 
collodion as follows: Shake up dry pyroxylin, 48 grains 
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with alcohol) (specific gravity *805) fluid ounpe; then 
add ether 4| ounces. After well shaking, to effect a perfect 
solution of the cotton, set aside for a week or ten 'days, 
when the "Clear liquor may her decanted from any sediment 
• that may^be present. 

'Iodized •dbllodioii, for photographic purposes, is 

made by dissolving iodide of ammonium, 1J drachm, 

iodide of cadmium X\ drachm; or bromide of ammonium 

40 grains, in alcohol JO fluid ounces. • To " iodize ** the 

collodion add either of the above solutions to collodion 

in the proportion of «L part iodizing solution to 3 parts 

collodion. The iodiaed collodion should not be used until 

* 

several Weeks after its ’preparation,'.but if required* for 
immediate use, the addition.o£a few drops of an alcoholic 
solution of iodine may be t added. This solution is made 
by dissolving 5 grains of iodine in 1 ounce of alcohol. 

J 

PERFUMES. 

• , 

These grateful and refreshing products of the garden and 
the still are solutions* of essential oils (p. 179) in spirit of 
wine; and the various popular scents, as Milleflcurs, Eau de 
Cologne , Frangipanni , etc., are formed by blending certain 
“ essences ” with eaph other in \ftried proportions, whereby 
an agreeable haynony of perfume, or bouquet , is obtained. 
For the last-named delightful perfume, a» also for many 
others, tlie public are indebted ty*the exertictas of Dr. 
Septimus Piesse. The importance of mixing the essential 
oils in due proportions* and only those which harmonize 
whli ea&i other, will be readily understood* by those wfto 
are* well acquainted with tile culture of flowers arfd the 
proper arrangement of^‘ nosegays ” or bouquets. How many 
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a charming nosegay has been spoiled by the introduction, 
through carelessness or ignorance, of a sprig of feverfew, 
for instance, amidst roses and sweetbrier! Fancy a sprig 
of spearmint in a bunch of’violets, or knotted'marjoram 
blended with jasmine! • Incompatibility o£ fragrance should 

* 1 4 

be avoided not only in the operation of bunching flowers, 
but also in the process of blending their “essences” to 
produce what a&3 called “ perfhmes.” 

Eau de Cologne is prepared t/y distilling or infusing 
the essential oils of rosemary, bergamot, lemon, neroli (oil 
of orange-flowers), jasmine, vanilla,^benzoii^ etc., in spirit 
of \yine. Various proportions are employed to suit the 
public taste, but thu following will give an idea of the 
general combination : Spirit of roses, 3 quarts; spirit of 
jasmine and spirit of wine, of each 3 pints; Portugal 
essence, 1J ounce; flowers of benzoin (benzoic acid), 2 
drachms; essence of vanilla and essence of musk, of each 
6 ounces m y orange-flower wjlter, 3 pints. Or, spirit of wine, 
9 quarts; balsam of Peru, 2 ounce#; essence of bergamot, 
4 ounces; essence of cloves, 2 ounces; essences of neroli 
and thyme, of each J ounce; essence of musk, 4 ounces; 
orange-flower water, 2 quarts. 

Spirit of lavender may be prepared by taking 
Mitcham oil of lavender, 6 drachms;, rectified spirit, 1 
quart, and well agitating the .mixture for a few minutes. 
This forms an agreeable and refreshing perfume. 

Eau d6 bouquet^— Spirit of rosemary and essence** of 
violets, of rach 1 ounqe; essential oils of bergamot %nd 
jasmine, of each 1 drachm,; oils cf verbena and lavender, 
of each J draoJim; orange-flower water, 1 oun&e,*' rose¬ 
water, \ pint; rectified spirit, 6‘ quarts. Mix the whole 
together and shake well. 
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Rondeie\ia.—Oil of lavender (Mitcham), 3 ountes; oil of 
cloves, 1J ounce; oil of bergamot, 1 ounce; essences of musk 
and ambergris, of each 2 drachms; rectified spirit, 3 pints. 

Eai^cfe Millefleurs.— Musk, 12 grains ; ambergris, 20 
grains; Essence of lemon, 1J qunce; oils of lavender and 
cloves, of eacli 1 ounce; oil of verbena and neroli, of each 
J drachm; rectified spirit, 2 quarts. Mix ahd macerate in 
a closely-covered vessel for*at least ten dsfys. 

Essence of violetS, so called, is in" fact a tincture of 

* 

orris-root. It is this £oot which also imparts the agreeable 
"odour of violels to thS “ violet powder" of the shops. To 
make the essence, takfe Florentine orri^-root in coarse powder, 
\ lb ; rectified spirit, 1 pint. ]\Tacerate for fourteen days. 

Extract of nosegay. —Cenzoic acid, 1 drachm; essence 
of ambergris, 2 ounces; spirits of jasmine"and violets, of 
each 1 pint; spirits of cassia, rpses, orange-flowers, and gilly¬ 
flowers, of eacli \ pint. Mix and well agitate. 

Esprit de la Reine. —Oil of bergamot, 1 ofince; essence 
of ambergris, 2 drachma ; otto of roses, 1 drachm; rectified 
spirit, 1 quart. 

Spirit of the flowers of Italy. —Spirits of roses, 
jasmine, cassia, and orange, of each 1 pint; orange-flower 
water, 1 pint. Mix and shake well. • 

Small quantities*of perfume may be readily made by 
adding to a few fuuces rectified spirit of wine a few drops 
of any of the essential oils, to which^a few drops of neroli, 
' or ditto of rose, may be added with advantage. —* 

V' v* • • 

PICTURE-RESTORINGt . 

# • 

If is possible that the ’reader may think we are travel¬ 
ling beyond the line "marked on the title-page of this 
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work in ►treating upon the present theme.* We hope, 
however, to justify our apparent departure by showing 
that in skilful hands, and under proper treatment, the 
restoration of old paintings ntay be rendered a “ scientific 
industry” rather than a mere rule-o’-tfiunib Operation. . 
Indeed, when the value and importance of* the works *of 
some of the <?Id masters are taken into consideration, it 
ought not to be in the hands ot an ignorant tyro that such 
priceless works of'‘art should be trusted. 

The late Mr. Elfred Blaker, whose name will be familiar 
to many lovers of art and collectorsoof rare <old paintings, 
after many years of careful and successful manipulation, 
devised a system for the Restoration of old paintings which 
gained for him a well-earndd reputation amongst the best 
judges of art. \n this country. Being himself an artist 
of much ability, well learned in the history of the old 
masters, and thoroughly acquainted with the nature of 
colours and* varnishes, Ml. Blaker was in all respects 
competent to undertake, as he frequently had to do, the 
restoration of some of the rarest specimens of the old 
schools. We are indebted to a daugnter of the late gifted 
restorer for the following system which be successfully 
practised during many years of his painstaking and in¬ 
dustrious life. ‘ 

The process of picture - restoring n^ay be classified 
under the following heads: 1. Lining; 2. Stopping; 
3.. Cleaning; 4. Stippling, or restoring proper. , 

1 . Lining.—A strung wooden frame, called a “stretcher,” 
is made of stout “quartering” af the size required, and 
fitted with Wedges (as in ordinary canvas “ sttrakierj^”), 
by means of which the fraine may be slightly extended 
so as to tighten or stretch a layer of canvas spread 
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over and secured to it by means of tacks. Take ordi¬ 
nary picture-liner’s canvas, several inches wider each 

wa^ than the picture to be lined, and tack it on to the 
frame. * * * 

The caftvas being strained or stretched as above, the back 

« . ° • • 

of the picture i8 now to be carefully brushed over with 
a mixture composed of glue and “ size,” the face of the 
canvas being also brushed *over with th® same mixture. 
The picture is next ita be laid back Eovmward on the 
canvas, beginning at one corner and gently pressing 
it with the hand so* as to disperse air-bubbles. The 
canvas is now to be frightened by driving in the wedges at 
each corher of the stretcher. TS f ow take as many sheets 
of double-crown paper as .will cover the entire picture 
(allowing each sheet to o.verlap the other*about 1 inch); 
brush paste over one side of each sheet and fold separately. 
When the required number of sheets of paper have been 
thus prepared, take the first shfcet, open it, and lay it care¬ 
fully on the pictur®, beginning at one corner, and press 
it as before with the hand so as to remove air-bubbles. 
Each sheet is to be laid on in the same way until the 
entire picture is covered. 

After being left for a time, and when the paper is dry, the * 
picture is suhjected*to pressure from a heavy heated iron, 
somewhat resem ying a tailo/s goose. For this purpose a 
perfectly smooth board, equal in thickness to the timber 
with which the stretching frame is ip^de, is placell ben eath 
the picture, at one corner, and the* heated irom (the tem¬ 
perature of which musUnot be. too high) is thus applied 
with sfreatliness and care, the pressing-boarii being shifted 
(when a large picture is ifnddr treatment) until the whole 
surface of the picture is well pressed. When the canvas 
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is perfectly dry, the paper is removed by a sponge and 
warm water. 

Wtan all traces of paper and paste are removed from 
the surface of the picture, the latter is next to be removed 
from the rough stretcher, the canvas neatly trimmed, leaving 
sufficient margin to attach it to a new strainer of a size 
suitable to the picture; the canvas margin is then to be 
tacked on to the edge of the fVamc in the usual way, after 
which the wedged are to be driven *tight. 

2 . Stopping. —The object of this operation is to fill all 
fissures or cracks in the picture witfli a composition which 
is capable of receiving a coating of paint without absorb¬ 
ing it. The composition employed for this' purpose 
consists of a mixture of siztMird whiting, to which a small 


quantity of black is added to give the composition a 
neutral tint. The “stopping,” as this mixture is called, is 
pressed into the cracks by means of a palette-knife, care 
being taken That every fissure is well filled with it. The 
picture must now be set aside for, several days to allow 
the stopping to become gradually but thoroughly dry. 
The next operation is to remove the"superfluous stopping, 
which is effected by rubbing the surface of the picture 
with a soft or “velvet” cork moistened with water. The 


cork must be applied gently and with a circular motion, 
so that, while removing the superfluity, tfbe cracks may be 
left perfectly Itfrel. 

3. Cleaning. —TI)i? term is applied technically to, the 


removal of*varnish from old pictures, and it is scarcely 

necessary to say that if this were attempted by means of 
* \ 

chemical solVeuts of gum resins, which form tlfe basis, of 
most varnishes, old or new, w th<? operation § would be very 
hazardous in skilful hands, while in those of an ignoramus 
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the underlying picture would (as has frequently been the 
case) be sacrificed, by the solvent, as turpentine, for 
example, after attacking the varnish, performing the 
function of dissolving the oR of the picture. This bar- 
.barous application of varnish solvents has acquired the 
appropriate nalne of “ skinning/' a term which implies the 
removal not only of the varnish, but the picture itself! 

Although it is possible bty means of chemical solvents 
to remove coats of warnish ’from th« surface of oil 
paintings, the plan adopted by Mr. Blaker is by far the 
most safe, anc^ in prc&tical hands, the most secure. It 
consists in rubbing the vanished surface gently with .the 
finger, which the rdsinous "matter works up into a 
powdery condition, and this, action is ^cept up with great 
care until the colours of the picture, as will be readily 
understood, become exposed to view. 

4. Restoring. —When it fs borne in mind that tlie 
varied tints and colours employed by the old masters (and 
many of which are of doubtful origin at the present day) 
require to be faithfully matched, it will be understood 
that only an artist of £reat skill and experience, possess¬ 
ing an extensive knowledge of the productions of the old 
painters, should be intrusted with the delicate operation of 
renovating, without spoiling, works of olden time. 

The process caUed “ Stippling ” is adopted for matching 
the various colours and tints, very siuall*brushes being 
employed, and each brush being reserved for its spe cial. 
use Mth great care, in order to # ayoid even, the most 
trifling risk of mismatching any required tint. 

W.hen the stippling has thus been don& by an artist 
possessing knowledge and* experience, -as well as natural 
ability (the two first-named attributes being the most 
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essential), the picture, when “ restored,” and {subsequently 
varnished, presents the appearance of a perfect picture, the 
touches of the restorer being imperceptible. ( * 

Before the picture is varnished, strips of white paper 
about 1J inch in width are neatly pasted roUndthe edge, 
of the frame, and overlapping the picture about one-eighth 
of an inch, so as to leave a neat but scarcely perceptible 
margin. • 1 

The varnishing of oil paintings iff more properly effected 
by skill than by rule o’ thumb. The operation should be 
conducted in a warm j wofo,, perfect!^ free frpm dust. The 
picture should be laid flat on & level bench, and a small 
quantity of varnish pourbti on its centre; a flat soft brush 
is then taken, and with this t tlie varnish is brushed over 
the surface, care being taken to avoid <f brush-marks.” 
The picture is then allowed to remain in its horizontal 
position until the varnish is thoroughly dry. 

i 

SULPHATE OP QUININE. 

This important and valuable medicine is obtained from 
yellow cinchona hark. The process generally adopted by 
manufacturers is as follows: Coarsely-bruised yellow bark 
is boiled with water acidulated with,either sulphuric or 
hydrochloric acid. After the % clear liqueur is decanted, the 
residue is ngaih boiled with acid and water a second, a 
.third, or feven a fourth time. The various decoctions thus 
obtained ai?e then mixed and filtered, and when cool,Vilely- 
powdered slaked lime is added until the liquid becomes 
alkaline and if a dark colour. The precipitate*- which 
forms is collected, drained, and submitted to pressure. • The 
cake which results is dried, then pewdered, and afterwards 
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digested in rectified spirit The tincture thus obtained is 

now filtered and subjected to distillation, when impure 
quinine remains in the retort in the form of a brown*viscfd 
substance* This is next saturated with very, dilute 
sulphuHe* acid ;• the solution is again filtered, and after¬ 
wards set a^Me to crystallize. 4 The yellowish crystals of 
disulplmte of quinine thus obtained are nex| drained in a 
cloth, pressed, again dissolved in water % and decolorized 
by adding animal eharepal. The solution is then evaporated 
and set aside recrystallize. The crystals, after being 
well drained, are dri^jl with great^ care. Although there 
are several methods pf preparing this interesting substance, 
the prooess given above may be«consi£lered one of the best. 

The disulphate (or sulphate, as it *s commonly called) 
of quinine is considered one of the most important tonics 
known in pharmacy, while as a febrifuge it has the highest 
reputation. In restoring enefgy to weakened constitutions, 
and in allaying neuralgic and other nervous p&ins >5 it has no 
equal in medicine. 

PARAFFINE OIL. 

This useful oil, now so generally employed for burning 
in table-lamps, is obtained, under Mr. Young’s patent, tfy* 
the distillation of jfoghead coal, cannel coal, etc., at a lower 
temperature that. is require'! to produce ordinary coal-gas 
for illuminating purposes. • • 

libe coal (Boghead) is first broken ’into small pieces, and 
is then placed in perpendicular retorts about 11 feet in 
liqjght^ •The coal is introduced jnto the $itprts by meatls 
of conical " hoppers ” at them upper extremities. A«et of 
four such retdlts is built into one large furnace, the lower 
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ends of which are closed by dipping into sha&oV pools of 
water. When the coal passes through the hottest part of 
the retorts, its volatile constituents become liberated, qnd 
these are conducted by iron tubes to condensers. The 
non-volatile matters are raked out from the lowec &nds of 
the retorts, while a continued supply‘of fresh ^coal is kept 
up by charging the retorts through the hoppert, as before. 

The crude oil , which first passes over into the condensers, 
is a thick dark-colpured liquid; thi^ is afterwards distilled 
to dryness in large iron stills, by which the excess of carbon 
is retained in the still in the forrm of coke. The oil is 
afterwards treated with strong culphpric acid, which has 
the effect of charripg 4 to principal impurities- which 
subside, with the acid, in the form of a dense black tar. 
Caustic soda is pext added to remove further impurities. 

The oil is next subjected to distillation at various tem¬ 
peratures, by which four different products are obtained. 
The first product which passes over at the lowest temperature 
is called jparaffme naphtha, which is employed as a cheap 
substitute for oil of turpentine for dissolving indiarubber; 
it is this substance which “ Cheap' Jacks ” and coster¬ 
mongers employ in their lamps. 

An important feature in “ Young’s paraffine oil,” when 
’ carefully prepared aud the naphtha entirely removed by 
distillation, is its safety as a burning oil. The paraffine 
oil of commerce* should not ignite when brought near the 
flame of a..candle, but'if even a small quantity of naphtha 
lie-present in the oil,‘it will inflame immediately. Wijen 
this is the case, the oil should not be used for burning in 
a damp, for tlps^reason : when the receptacle in which the 
oil is. placed becomes warm,.the volatile spirit (naphtha) 
1 vaporizes, and will readily take fii$, probkbly with ex¬ 
plosion and consequent mischief. t 
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After the naphtha and. paraffine oil havp been distilled 
over, a third product is obtained at a higher temperature; 
thie is usAl as a machinery or lubricating oiL A fourth, 
and last, •product is next obtained by treating this la$t> oil 
by meatft of artificial cold, by which a solid translucent 
substance resembling spermaceti is obtained. This is the 
beautiful paraffine so much used in making candles (see 

p. 16). * 1 • • 

• • 

swlphIte op copper. 


Under the /arniliarfcames of 'blue-vitriol, blue-stone , etd, 
this beautiful salt ftf copper performs many important 
function^ in the arts; and indeed If is to this we are 
indebted for the discovery of dhe art of electrotyping, and, 
indirectly, all the processes of electro-d<?position which 
followed its discovery and practical application, # 

Commercial sulphate of copper is prepared from copper 
pyrites, or native sulphuret ot copper. Thfi oie is first 
roasted and then moistened with water, after which it is 
exposed to the air for a'considerable time, by whicli means 
the copper becomes converted into oxide of copper, and the 
sulphur into sulphuric acid, the result being the formation 
of sulphate, of copper. Tins salt is then dissolved out, 
and the solution evaporated and afterwards set aside to 
crystallize. * § 

In some copper mines the water passing through them 
is strongly impregnated with sulphate of copper, and 
is oolfectcd, evaporated, and crystallized for commercial 
use. Sulphate of copper is also obtained as a product 
resfultifig^rom the refining of silv€ff. By isSolving oxide 
or carbonate of^copper in‘sulphuric acid, pure sulphate of 
copper is obtained, • 
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ALLOYS OP METALS. 

The alloying of metals with each other 4s of .very 
ancient date, and many of‘the alloys have to a great 
extent supplanted the use of pure metal. * It ‘is fiot alone 
from a desire to adulterate or cheapen a richer metal by 
adding to it ove of inferior value that the art' of alloying 
consists, for in seme'instances file alloy is of greater com¬ 
mercial value as tc its uses 'than the separate metals 1 from 
which it is compounded. r 

Some of the most familiar alloys he given below. 


Albata, Argentane, ) 
German silver, or > • 
Nickel silver ) 
Bath-metal . 1 . 

Bell-metal 
Braso 

Britannia metal 

i 

Bronze 

Dutch gold . 
Gun-metal 
Mosaic gold, Ormolu 
Pewter •. 

Queen's metal 

Shot-mctal . *. 

Silver (standard) . 
Solder . t , 
Stercotype-metal . 
Type-metal . t. 

White copper 


, ARE ALLOYS OF 

^Nickel, copper, and zinc (with 
' sometimes iron). 

Copper and zinc. 

Copper and tin. 

“Copper and zinc. 

t Tin, antimony, copper, and bis- 
mnth. 

Tin ansi co'pper. 

Coppei and zinc. 

Tin and'copper. 

Copper and zinc. 

Tin and lead (with sometimes 
antimony and bismuth). 

Tin, aptiLiony, bismuth, and 
, copper. | 

Lead with a little arsenic. 

Silver and copper. 

Tin and lead. / 

t 

Lead, antimony, and bismuth. 
Leadhnd antimony. 

Copper and arsenic. r * € 
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Acetate op copper 7 
„ lead, 7* 

„ soda, 63 

Acetic acid, 63 

ether, 138* 

Acid, acetic, 63 1 

, rt glacial, 63 
arsenious, 7 
benzoic, 65 . 
carbonic, 22, 52 
chromic, 46 
formic, 132 
hydrochloric, 27, 34 
hypochlorous, 134 
muriatic, 27, 34 
nitric, 77 
nitrous, 31 
oleic, 16 » 

oxalic, 58, 131 
pyioligneous, 63 
stearic, 9, 15, 16 
sulphuric, 29 
sulphurous, 29 
tartaric, 59 
Acids, fatty, 9, 15 
Air-bubbles, 10 
Albumen, 104, 112 » 

Albuminized paper, 108 
Alcohol, 73 - 

Ale, 51, 53 * 

,, Scotch, 53 
Alkali, 7, 9, 14 
AlfW&of gold, 35, 37 
metals, 194 
Allspice, 180 
Almond soap, 14 
A Him, 118* 

' calcined, 23 
„ Roche, 121 
,, Roman, 121* 

Alum-stone, 119 


* 




Alumina 4 7,'119, 121 
,, sulphate of, 119 

Aliuninous shale, 119 
AWlgatn, 98 
Amber, 22, 108 

„ varnish, 153 • 

'American rosin, 12 
Ammom% 6, 35, 59, 65 

„ muriate of, 35, 65, 68 

Ammoniac, sal, 21, 35, 66 
Ammoniacal liq»or, 67 
Ammonium, chloride of, 35, 67 
„ hydrochlorate of, 67 
Aniline colours, 1, 14 0 9 

Anise, 180 

} Annatto, 166 • 

Anode, 43 9 

Antimony, 8, 98 
,, black, 23 

,, sulpkuret of, 18, 21 

Aqua regia, 43, 79, 137 
„ vitte, 134 

Archer, Frederic Scott, hia coilodic 
process, 26, 104 
Archil, 167 

Argentiferous galena, 101 * 

Argol, 76 
Armature, 115 
Aromatic vinegar, 62 
Arrowroot, 11* 

Arseniy 125 

Arsenious acid, 7 v * 

Artitifciitl parchment, 178 * 

Azu^-atone, 4 •> 

•Bar iron, 93 

BariUa, 27 • * ** 

B#rtey, 4, 8, 61 

^Baryta, nitrate of, 22 * 

Bath, shnd, 36 
„ water, 6 





196 


Battery, voltaic, 41, 114 
Beer, malting ancl brewing, 48 
Bengal flames, 22 
Benzoic acid, (55 
Benzoin,* 184 

„ flowers of, 184- 
Benzole, 65 
,, nitro, 2 
Bergamot, 62 
Bicarbonate of soda, 28 
Bichloride of mercury, 2 
„ tin, 9,,J39 
Bichromate of potash, 7, 46 
Binding screws, 42 * 

,, wire, 38 f 

Bismuth, 45 

Bisulphate of potash, 78 
Bitartrate of potash, 76, 82 
Black enamel, 149 
,, mk, 150 
,, lpad, 45 
,, pigments, 8 
Blacking, 171 

,, harness, 175 

,, liquid, 172 

,, paste, 173 * 

„ waterproof, 175 

f Blast-furnace, 35, 93 
- P'earthing, 160 

,, palm oil, 45 

Blowpipe, 37 <. 

Blue, cobalt, b 
,, enamel, 147 
,, fire, 22 
,, indigo, 5 
,, ink, 158 
,, lance, 22 
,, mottled soap, 13 
,, washing, 5 
Boghead coal, 191 
'Bcfnemian glass, 130 
Bone, 8 
,, ash. 123 

,, black, 8 

Borax, 37, 38 «* 

Bottle-glass, 125 , 

Bouquets, pyr&echnie, 23 
Brand), 137 

,, brown, Z48 
„ pale, 138 
, Brass, 39, 40, 42 
Brfflil wood, 7 t 
Brewing, 48 
Brilliant fires, 20 
, ,, revolving wheel, 21 

British brandy, 138 
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Broad glass, 125 * 

Bromide of ammonium, 183 
,, potassium, 105 
,, / silver, 77 

Bronze, 45 t‘ 

. ,, powder, 82 

|"Brown,brandy, 138 

,, enamel, 148 .. « ‘ 

,, hard varnish, 177 
* * 

[ Calcine, 146 \ 

Calcined alum, 23 
Calcium, chlorido of, 63* 67 
Calx, 8 
Camera, 103 
Camomile, 180 
Camphor, 18, 23 « 

Canada balsam, 177 
Candle-njpking, 14 
,, composite, 16 
,, dipj 17 

,, i mould, 14 , 

,, paraffine, 16 
,, Roman, pyrotechnic, 22 
",, stearine, 15 
,, wax, 16 
Cannel coal, 191 
Caraway, 180 
fcCurbnlato ot potassa, 133 
Carbolic acid, 133 
Carbon, 41 

Carbonate of ammonia, 70 
,, copper. 23 
\ 9 lime, 110 
, f < potash, 72, 73 
,, > potassa, 73 

,, soda, 20, 28 
Carbonic acid, 28, 12-3 
Cardamoms, 135 
Carmine, 5, 6 

,, liquid, 6 
Carriage vanish, 176 
Cartridge paper, 18 
Cartridges, gun, 26 
Cascades, 21 \ t 
Cassia, 135 
Caustic ley, 9, 4/ 

,, soda, 8, 54, 80 
Cellulose, 132 
Chalk, 6, 27 
Charcoal, 18 

China clay, kaolin, 5, 116 , 
Chinese fire, 21 
Chlorate of potash, 19, 22 
Chloride of ammonium, 35, 108 
,, • calcium, 63, 67 
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Chloride of copper, 25 

„ gold, 110, 140 • 
„ lime, 55, 122 

,, potassium, 119 

#, silver, 104,109 

*, sodium, 34, 69 

. „ tifi, 57 

„ • zinc, 35 • 

^Chlorine, 46, 55 
Chloroform, 108* 

Chromate of ivne* 47 
potash, 8 
Chrome, 47 • 

,, lemon, 8 
„ • orange, 7 
,, process, 47 
,, yellow, 7 • 

Chromic acid, 46 
Cinchona bark, 190 
Cinnabar, 4 • 

Cinnamon, 62 
Clay, 19 * 

Cleaning, picture, 188 
Cleansing, 10, 52 
Cloves, 62 
Coal, Boghead, 191 
,, cannel, 191 
,, oil, 133 
,, tar gas, 1,16 
Cobalt blue,*5 
.Cochineal, 5,167 * 
Cocoa-nut oil, 13 
Cognac brandy, 138 • 

Colcothnr, 148 
Collodion, 26,104, 105, 182 
Colophony, 22 
Coloured gimp, 130 
,, inks, 155 



Colours, aniline, 1, 14 
Composite candles, 16 
Coolers, 51 

Copal varnish, 177 • 

Copper, 18, 30, 35, 95 
„ acetate of, 7 
,, arsemate of, 9t| 

,, black oxide ot 23, 96 
,, carbonate of, z3 
chloride of, 25, 96 
,, •* ^phosphate of, 96 
,, pyrites, 95 
,, red oxide of, 96 
, 0 sulpfefhte of, 21, 41 96 
,, • sfdpburet of, 96 
Copperas, 119 
Copying ink, 153 • 

Cotton, gun, 24 


Cream of tartar, 76, 82 
Creosote, 135 * 

Crimson fire, 23 
Crown glass, 125 
Crucible, 4 
Crude oil, 192 

* „ sepia, 7 

„ soda, 13, 124 
LCnitching, 13, 46 
Crystal glass, 126 
Cudbear, 167 
Cullet, 125 
Cupel, 101 • 

Cupellation,* 100# 

Cuttlefish, 7 

Cyanide of ^oftissium, 44, 77 

Daouktireotvi’e, 103 
Dip handles, 17 
Distillation, 134 
Disulphate of quinine, 191 
Dragon's blood, 177 
Drying oil* J77 
Hanging or cleansing, 170 
Dyeing, 164, 166 

Dynamo-electric machine, 44, 114 

Wilde’s, 116 

„ ,, Gramme’s, llff 

• ,, ,, Brush, 117j 

Eau-de-vie, 138 • 

,, bouquet, 184 • 

„ Cologne, 184 
„ nnllctloiirs, 185 
Effervescing powders, 28 
Elais Gnineensis, 45 
Electric light, 118 
„ lighting, 113 
Electricity, 41 
Electro-brassing, 44 
gilding, 43 
,, metallurgy, 41 
Electrotv ping, 41 
Elder, 180 
Elutrintion, 14o 
Emerald ^reen, 7 ‘ m 
,, malachite, 95 
Enamelling, 146 
English^nl^te glass, 12^ 

Eosino, o 
Epsom salts, 34 
Esparto grass, 55^ f 
EsprjHle la reine, 18o 
Esrcneo of ambergris, 1H5 
9 „ «bergamot, 184 
,, lemon, 184 
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Essence of nmsk, 184 
,, "Senses, 184 
,, sweet fennel, 135 

,, thyme, 184 

lf * violets, 185 

Essential oil, 14 

oil of almonds, 135 
* „ o»s, 179 ■' 

Ether, sulphuric, 180 
Extract of nosegay, 185 
,, rosemary, 185 


Fancy soar, 14 
.Fans, pyrotechnic, 21 
Farina, 111 ( 

Fatty acids, 9, 15 
Fermentation, 43, 52, 62 
Ferrocyanvde of potassium, 76, 77 
Ferrotype, 108 ■ * 

Fibre, 54 ( 

Filings, copper, 18, 30 
,, iron, 2, 18, 21 

,, steel, 18 

,, zinc, 18, 21, 23 

Finings, 53 
Fireworks— , 

- Water, 22 
Fire, blue, 22 
crimson, 23 
dark blue, 23 
green, 22 * 
jets’of, 21 
light blue, 23 
lilac, 23 
orange red, 23 
pink, 23 
purple, 23 
red, 22 
violet, 23 
white, 22 
yellow, 23 
Fixed brilliant, 21 
,, stars, 21 

,, suns, 21 

Flames, Bengal, 22 
Glories, 21 a 
Grbund-rockets, 21 
Lance, bine, 22 
greer, 22 
pink, 22 
yellow, 22 


91 
» f 
99 


>9 
»» 
» J 
91 
I 19 
99 
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Ash oil, 13 
Fixing, 110 
Flint-glass, 129 
Formic acid, 132 
Frangipanni, 183 


Freezing mixtures, 142 r 
French plufns, 138 
l, wine vinegar, 138 
Frit, 128 
Fuchsine, 3 
Fuller’s earth, 163 
Furnace, blast, 35 
Fused nitrate o£ stronti& Jt 23 
r Fusees, 21, 24 
Fusel oil, 135 4 

Fusible alloys, 159 1 , 

,, metal, 45 
Rustic, 168 , 

Galena, 101 
Gallicucid, 142 
Galvanic battery, 115 
Galvano-plastic, 41 
Gamboge, 7, 37 
Gardening ink, 153 
Gas, chlorine, 55 
„ , coal-tar, 1* 16 
,, licjtior, 67 
,, nitrogen, 29 
•Gilder's varnish, 176 
Gilding, 42 

,, watch movements, 79 
Gin, or geneva, 135 
Glacial acetic acid, 63, 106 
Glass, 12 

,, Bohemian, 1?50 
,, coloured, 130 
,, soluble, 12 
Glasses*optical, 57 
GlaitV’s salt, 13, 34, 125 
Glue, W 

Gluten, 112 < 

Glycerine, 16, 56 
Gold, 35 

,, cyanide of, 43 
„ ink, 155 
,, oxide* of, 130 

Gramnje machine, 116 
Graphite, 91 
Grass, esparto'. 55 
Green copperas, 91 
,, emerald, 7, 147 
,, enamel, 147 
,; fire, 23 

,, ink, 155 

,,t pigments, 7 
Guinea palm, 45 
Gum-arabic, 171 
•j, benzoin, 184 
,, lac, 177 ^ 

,, tundarach, 177 
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Gun-cartridges, 26 
„ cotton, 24 
f , paper, 25 
Gunpowder, 84 
Gutta-percha, 4£ 

Gypsfum, 34, ^0 

Harnks?bim.ckiko, K5 
*Heliography, 103 
Hematite, 91 
Hollands, 135b * 

Hops^ 51, 53 
Horn silver, 104 
Hydrate of lime, 15, 122 
potassa, 131 

„ soda, 131 * 

Hydrated oxide ol nifthyl, 64 
Hydrochlorate of ammonia, 67^ 
Hydrochloric acid, 27, 34 f 
Hydrometer, 12 
Hypochloious acid, ^4 • 

Hyposulphite of soda, 110» 


Indian corn, 136 

,, ink, 8 

„ red, 7 

Indiarlibber, 60 

,, blacking, 172 
Indigo, 3 
,, blue, 5 
Indigofera tinctorla, 5 
Ink, black, 8 
,, blue, 154 * 

,, gold, 155 
,, green, 155 
indelible, 153 
,, Indiup^B 
,, marking, 155 
,, printing, 156 
,, red, 157 
,, sympathetic, 157 
Iodide ol ammonium, 183* 
,, cadmium, 183 

,, pota4Plmn, 104 

,, silver, 77, 101 

lodme, 103 t 

Iodised collodion, 183 
Irom.argiiiucal, 91 
.. * tilings, 2, 18, 21 
,, magnetic, 92 
,, oxide of, 7 
peroxide of, 6 
,, “pyrites, 91 
Isinglass, 53, 62 
Ivory,8 , ^ 

,, black, 8 


Jablochkoff candle, 116 
Jamaica rum, 186 * 

Japan varnish, 177 
Jasmine fire, 21 
„ spirit of, 

Jeweller’s rouge, 149 
Jewellery, 37 ^ 

* filagree7 40** 
Juniper, 135 , 

Kaolin, 5, 116 - 
Kelp, 27, 125 • 

Kiln-drying 49 
,, malt, 49 * 
Kitch6n-stu£fy»13 
• 

Lac yaijnish, 177 
Lacquer, 177 
Lakes, 7 

Lampblack, 8, 18 
Lfncea, white, 22 
Lapis-lazul i» 4 
lavender, 62 

,, essence of, 184 
Lead, 35, 45, 98, *01 
,, oxide of, 102 
Lemon chrome, 7 
• ,, essence of, 185 
Ley, caustic, 9, 47 
bight red, 6 * 

Lightning, parlour, 25 
Lights, night, 18 
Lilac fire, 23 
Lime, 77 

,, chloride of, 53 
,, chromate of, 47 
,, hydrate of, 15, 122 
,, milk of, 132 
,, nitrate of, 75 
pyrolignato of, 64 
„ slakedT 15, 28 
,, soap, 15 
,, stearate 15 
,, s uteri 1 ate of, 16, 34, 09 

Inning, picture, 180 • 
lnnseed oil, 153 
Liquid Antnoma, 6, 65 
,, flacking, 172 • 

,, carmine, 6 
“Liquored soaps,” 12 
Litharmjf 100, 12# • 
Lritu#Us-paper\ 25 
•Lotidstone, 92 
Logwood, *167 
London tallow^ 12 
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Lubricatiqg oil, 198 
Lycopodium, 18, 22 
Lynn sand, 126 

Madder, 7 
Magnesia, 77 

,, sulphate.of, 34 

magnetic iron, 

Magneto-electricity, 113 
Malachite, 95 
Malt, 48, 01 
,, kiln, 49 t. 

Malting, 48 
Manganese, 122, 129 1 
Manufacture of alum, 1]9 < 

,, blacking, 171 

,, fireworks, 18 

,, glass, 124 

,, gunpowder, 84 

*' inks, 150 ' 

. ,, soap, 8 

,, soda, 26 

,, starch, 111 

,, sulphuric, acid, 29 * 

Maranta arumlinacea, 113 
Marine soap, 13 e 
iMaflriug ink, 155 
Marl, 161 
tfe&h, James, 19 
Mashing, 50 

Massicot, 6 ■ 

Mauve, 3 

Meal-powder, 21, 23 
Mercury, 81, 98 

,, bichloride of, 2 

,, sulphuret of, 4 

Methyl, hydrated oxide of, 64 * 
Methylated spirit, 64 
Milk of lime, 132 
Minium, 6, 101, 147 
Molasses, 136 L 

Mordanting, 168 
Mottle-d soap, 9, 13 
MouM candles, 14 a 
M oulds, 10, 45 
Muriate of amnumia, 35, 65 
, * iron, 91 

,, lime, 113 1 1 

„ soda, 143 « < 

Muriatic acid, 34 

AaVhtha, 2 «■ < - 

Naples yellow, 8 
Nati orf, 124 

Negative, 41, 109 ‘ 

Neroli, 62 



Nickel, 43, 81 1 

„ plating, 43 

Niggers, 10 
Night-lights, 18 
Nitrate of baryta, 22 1 
,, cobalt, 5 v 
„ lead, 7 . 

„ Iime, , *75 <• 

„ . potash, 75 1 

,, silver, 105$ 

,, soda, 78 i 

,, strontin, 20 

i . „ fustd, 23 

Nitn 75 
,, crude, 75 
NitricCicid, 77 
,, oxide, 30* 
Nitra-ljjmzole, 2 
,, glycerine, 56 t 
Nitrogen gas, 29 
Nitrous acid, 31 
Nuremberg powder, 82 t 


Oak shavings, 139 
Ochres, 3, 6, 7 
Oil of bergamot, 185 
,, caraway, 135 
,, cocoa-nut, 13, 18 
,, fish, 13 
,, lavender, 184 
,, orange flowers, 184 
,, palm, 13, 45 
vqfbeifa, 184 
vitriol, 29 
Oils, essential, 179 
,, volatile, 179 
OJeate oi soda, 9 
Oleic aeirl, 9, 15 
O^ine, 9 
Olive enamel, 147 
Optical glasses, 126 
Orange euanlel, 149 
,, dower water, 1S4 
• 4 ,, red 11 ie^23 
Orris-root, 185 -i 
Otto of loses, 18 r » 

Oxalate of iron, 91 
„ lime, 132 

,, potash, 75 

,, protoxide of tin, 58 

Oxalii acid, 131 
Oxide of antimony, 148 ■<* 

,, cobaL, 147 
1 ,, copper, 147 
,, gold, 13o 
,, ’ iron, 7, 120 
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fi 


igfhese, 1|5 


Oxide of lead, 
mangl 
silver, 130 
„ tin, 57 

„ zinc, 8 

PALjf oil, 13, 45 
--tree s. 21 

# P|per, arountenized, 1$3 
„ cartridge^ 18 
gun, 25 , 

,, litmus^ 25 
,, making, 53 
,, * straw, 54 
„ iest, 25 
PapieS: mach6, 

Paraffine candles, 16 
„ mi, 191 * 

Paris, plaster of, 34 
Parlour lightning, 23 
Paste blacking, 173* 

Patent-leather varnish, 177 1 
Patte d'oie, £1 
Peacock copper, 95 
Pearl-ash, 72 
Peat, 16 

Percliloride of tin, 139 
Perfumes, 183 
Peroxide of manganese, 125 
Petroleum-tar, 16 
Phosphate of iron, 91 
soda, 144 
Phosphorus, 122 
Photography, 26, 103 ® 

Picture-lmiug, ISC 
„ restoring, 185 
varnish, 177 
Pig iron, 9j^ 

Pigments, 3 
Pink fire, 23 
Plaster of Paris, 3-4 
Plate glass, 126 
Platinum, 35 

,, retort, 33 
Plumbago, 45 *** 

Pole, negative, 41 4 

,, positive, 41 g 

Portugal essence, 184 
Potasly yL* 

- „ * American, 72 

,, bichromate of, 7, 46 
,, carbonate of, 72 
,p ca^stfe, 72 
,, chromate of, 8 | 
Potassa, chlorate of, 74. 

„ fusa, 73 ^ 


Potassium, 26 

,, bromide of, 26 

,, chlorate of, ll£ 

„ cyanide of, 42 

,, iodide of, 26 

Potter’s clay, 161 
powders, effervescing, 28 
[Triming, 20 % ^ 
►Bwmrose soap,, 12 
1 Printing ink, 15$ 

,, photographic, 108 
Protochloride of tin, 139 
Protoxide of lead, 

Prussian blpe, 77 
Pumice, 42 • 

* ,, • pow(Jer, 42 
Pure whiUymamel, 147 
Purple of Cassius, 141 
dyes, 167 
,, enamel, 148 
„ ftre, 23 
Putty-powder, 67 
Pj»ogallic*aeid, 106, 158 
Pyrolignate«f lime, 64 
pyroligneous acid, 63, 64, 89 
Pyrotecliny, 18 
Pyroxylic spirit, 64 
Pyroxylin, 24, 26, 105 
,, soluble, 26 

Quercitron, 1GG # 
Quicklime, 71 
Quickmatch, 24 
Quicksilver, 99 
Quinine, disulphatc of, 191 
„ sulphate of, 190 

RANGOON TAR, 16 
Rectified spirit of wine, 62 
Red enamel, 139 
tire, 22 

, iik, 157 

, lead, 6 
. bglit, t> 

, ochre, 6k » 
oran^^i 


Re 


^i 


ugments, 5, 7 


sold and silver, 35 


Regulator, 116 
Resin, 9f 145 

, American, 12 
Retort, 1, 33 * 

Roche ajjim, 121 * 
RaPjattf?; 19 
• L ground, 21 
,, si ty, 19 
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Roman alum, 121 
,, empties. 22, 23 
Rondeletia, 1 84 
Rosaniliue, 2 

Rose-coloured enamel, 148 
Rosemary, 62 
llum, 13o .> 

Rushlight, 18 ^ 

Sacohabometbr, 137 
Sal-ainnmniao, 67 , 

Balt, Gmiier s, 13; 84 
„ sea, 26 «~ 

„ of sorrel, 75 
„ spirit of, 34 ' 

,, of tartar, 73 r 

Saltpetre, 77 
Salts, Epsom, 34 
Sand-bath, 36 
Saponification, 9 
Scented t.^ap, 13 
Schistose clays, 119 
Scotch ales, 63 
,, whisky, 135 
Scratch-brush, 43, 83 
Screws, binding, 42 
Sea-salt, 26 * 

"Seaweed, 27 
Sepja, 3, 7 
,, crude, 7 
Serpents, pyrotechnic, 
Shale or slate-clay, 126 
Shellac, 176 
Shoot, 10 
Silica, 124 
Silicate of soda, 12 
Silver, 35, 98 

,, cyanide of, 42 
„ nitrate of, 86, 59 
„ oxide of, 130 
Silvering, 42 

„ glass, 69 
Sky-rockets, 19 
Slaked lime, 15 
Smelting metals, 91 *' 

Snow, 143 
Soap-making, ft 1 
al month 14 
fancy, 14 
lime, 15 c 
mottled, 9, 13 
, jV p & imro fi c l2 ; 
scented, 13 
soft, 13 
toilet, 13 
transparent, 14 




24 


Soap, fellow, 9, 12 
Soaps, liquored,^12 ( 

Soda, manufacture of, 26 
,, acetate of, 68 
,, ash, 26, 28 
,, bicarbonate, 28 e 
„ carbonate of, 20, 28 
„,, caustic, 8, 28 

crude, 13, <124 * , * 

oleate of, 9 
silicate of, 12 ( 
stearate of, 9 1 f 
sulphate of, 13, 26 
Sf/diuni, chloride of, 34 * 

Soft soap, 13 
Solder, 37 

Soluble! glass, 12, 124 
Sorrel, salt of, 75* 

Spatula, 19 
Spermaf iti, 9, 16 
Spprm oil, 172 v 
Spirit of lowers of Italy, 185 
,, J of lavender, 184 c 
,, methylated, 64 
,, of rosemary, 184 
of roses, 184 
pyroxylic, 64, 177 
varnish, 177 
of wine. 138 
wood, o4 

* Stars, pyrotechnic, 19, 20, 22 
,, fixed, 21 

,, for golden showers, 22 
,, for Rotnan candles, 22 
,/ > white, 22 
Stearai«2 of lime, 15 
,, soda, 9 
Stearic acid, 9, 15 < 

Stearine, 9, 15, 18 
,, candles, 35 
Steel-filings. 18 
Steeping, 48 
Stillages, 189 
Stippling, 189 
stopping, 188 
Strainers, 186 *■ 

Straw, bleaching, 164 
,, paper, 64 

,, plait, 164 

Stretcher, 186 
Stroutia, nitrate of, 20, 25 
Sugar-candy, 153 
Sulphate of alumina, 139 
,, ftt'unonia, 65 

' ,, copper, 21, 193 

„ indigo, 167 





Sulphate of ir< 

99 1 


If 

if 


soda, 

Sulj&nr, 18, 31* 
IpFur ' 
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Jf 
' 9 
J J 


SulpFurst of antimony, 
a flfa*—» mercury, 4 
TftffflMfTC a*(L 2ft • 

* Sijlplmraus acid, 29 
Sympathetic ink (# IW * 

Tallow, 15,17* 

Tturnlh, 138 • 

Tar, petroleum, 16 
„ Rangoon, 16 
,, wood, 16 
Tartar, cream of, 6 * 

Tartaric acid, 59, 76 
Terchloride of gold-141 
Test-paper, 25 * 

Tin, 45 ■ ' « 

chlorid^of, 57 
oxalate ofjorotoxide of, 58 
oxide of, 58 
Tinctoria, indigofcra, 5 
,, of catechu, 139 
Toilet soap 13 
Toning, 110 
Trains, pyrotecJmic, 20 
Transparent soap, 14 
Treacle, W " 

Turmeric, a68 

Turpentine, 135 . 

Twaddle’s hydrometer, 12 

I^TBAMARINE, 4, 13 
Usquebau^'7134 

Vanilla, 134 
Varnish, 176 

,, carriage, 176 

,, for gun-barrels, 1^7 
,, gilder’s, 176 * 

Japan, 


Japan 
lac, 177 


lacquer, 177 
patcnt-leathei* 177 
ipetnre. 177 
. ,, ,*Tspirit, 177 

,, white hard, 177 
Varnishlhg, 190, 

Vat. woodoiijily j 

Vegttabl#black, 156 
Venetian red, 7, 37 


Loo t 



Verdigris, 21 
Vermilion. 3* 

Vinegar, 61 

„ aromatic, 62 
„ . French, 62 
hite wine, 
"enatl^ 148 
i . powder 
lifol, oil or 
| Volatile oils, 

Voltaic battery, 41* 114 


Washing blue. 5 4 
Water-bath, 6 
4 ,, fireworld, 22 

• of-Aymstone, 88 , 

Waterprwafharness blacking, 175 
Watt, Mr. Charles, his patm-<0il 
cess,^6 
Wsu^« 

,, candles, 16 
WJteat-starch, 111 
Whisky, 434 # 

White fire, *22 
• ,, hard varnish, 177 
„ lances, 22 
,, wine vinegir, 62 
Wick, candle, 14 
Window-glass, 125 
Wine, spirit of, 138 
„ stone, 138 
Wire, binding, 38 • 

Wood-ashes, 125 
„ fibre, 54 
„ sorrel, 131 
„ spirit, 64 
„ tar, 16 
Worm, 1 -ft 
Wort, 48, 50 


0 

% 


Yeast, 52, 62 
Yellaw chrome, 7 
,, enamel, 148 
,, fire, 23 
„ Naples ^ 



ochp, 7 

piwssiate of potqjh, 76 


Hd, 125 
# e5#P, 9 


Zinc, 41, 44 
„ chjpride of,«e», 
. * - filings, 18 • 

oxide of, 8 a 


1 











